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I. INTRODUCTION 


A. FACKCRCUND 


Refore the advent of sateliites, lony range comounica- 
tions were routed over HF skywave paths. Today few riiitary 
communicators possess the knowieaje and expertise required 
to set-u, and maintain reliabie long haul HF communications. 
Since the early 1970's, this tecaonoloyy has been rela va 
heylected as satellite communications are wore reliadiée and 
the data rate is much higher than iS possible over dr links. 
However, ore cannot arford to ignore the eventual vulner- 
ability ci satellites. 

President Reagan warned the gubiic that the battlefieid 
will eccn extend intc space, in whica case the sateilites 
may very well be the first casualties. in additicn teu 
growing threat of satellite destruction, satellite comzruni- 
cations are vulnerable to jamming. 

Ccemmunicators need HF capabilities. An HF comnunicatos 
must Ete akle to accomplish the following tasxs; 

te Analyze or cktain analysis of the sro. agatioumeams 
between the local station and tne outstation. The most 


important products of the analysis are: 


as Desired take-of= angie! (TOA at transalteaee 
Staticn 
bk. Azimuth to the outstation 
Ce. Propogaticn lose over the path on eacn (Cileguemae 
Le Select the Lest antenna, whether it is the standard 


type (Whip, AS-2259, etc.) or a dizectional wite ajdeemae 


Pa ee ee 


lTake-off ae -- angle akove tae _norizon at .which the 
largest amcunt o pewer fhust radiate ir the recelver 1s to 
receive the strongest signal fossible. 


TZ 


ace Design and ccnstruct a wire autenna when those 
available are inadequate. 

4. Choose the rest available freguency for operation 
during each hour of the day to obtain the nighest fpossitle 
communicaticns relialiiity. 

The importance cf each of these capabilities should 
kecome apparent in the discussion that foiiows. 

Each time a link is established, the characteristics o£ 
the path will change. The ionosphere varies in density over 
a 24 hour cycle, a fcur season cycle and on an eleven year 
cycle as well as randcmly due te solar disturbances. As a 
result, ona link between two given Stationrs, tne ranye or 
useful frequencies ard transmission losses wili vary. The 
Best CcCMMUnICaticn Can be obtained oniy DY <cirst analyzing 
the propagation fath each time cne estabiishes a link. 

Each antenna, wtether it be a stock antenna ora wire 
antenna, will nave certain cnaracteristics that rake it 
mrdat £Or a pazticulaz link. Of PEiMmary impertance is that 
the antenna radiates a sufficient amount of power aiong the 
aZimuth to the outstation and at the proper take-off-angle 
(TOA). After subtracting the transmission losses over the 
path, the received signal at the outstation must be intelli- 
gible. 

An antenna will develop a radiation pattern, an exam, ic 
Stee which 1S shcwn in figure 1.1. One's objective when 
selecting anantenna is tc cCnoose one shich devélopes a 
major lore that can Le aligned with the aZimuth to th 
Staticn and the TOA. Referring to the example fra 
pattern,® this antenna will ve adeyuate if the I0A is 


ketween 15 and 45 degrees. 


“All sxadiation fatterns resented in this thesis are 
from ponecunas modeled over aixr ground uniess otuerwise 
stated. 
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Figure 1.1 Dipole radiation pattern 
(height = 1/2 wavelength). 


The chcsen antenna ‘must Fe designed and constructed. 
Che mtst determine tle following in the deSign process; 

1. How high and long the antenna sxnouid te. 

z.- Eow the anterna snould be oriented. 

3. what type of transmissicn line (if any) is needed. 

4. khat matching devices (baluns, transrormers, or 
resistors) are needed and how to connect these. 

In determining these specifications, in adciticn te the 
Fropagation path parameters, cne must consider tne physical 
dimitaticns at the local antenna site -- area and materials 
availakle. 

During operations the most important task that the 
communicator carries cut is the seiection of the best avail- 
able freguency for each hour of the day. Taree factotestage 
considered when choosing the frequency. The operator should 


CHOOSE? 


a freyuency over which the Signal wili he attenuated 
the least over the prcpagation path. 

a xrreguency on which the antenna will efficiently 
radiate power in the desired direction (along the azimuth to 
the cutstation and at the desired take-orr angle). 

a freguency over which the environmental noise level 


at the receiver is l1cw. 


FE. ENGINEERING AIDS FRESENTLY AVAILABLE 


Several engineering aids are availavle that the communi- 


cator can use to engineer his EFF links. 
1. ELreozagation Fath Analysis 


The communicator can choose to uSe PROPHET or task 
the Environmental Capability Analysis Center (ECAC) to 


obtain needed information about the propagation path. 
Gn ea Oe eet 


Tivos —d Stdafid alone; Micro-eomputer Eased 
program in basic. While many aifferent products can be 


cbtained, those of mest interest to the operator are the 


mpeld strength plot, frcay-trace, and eovironmental znoise 
report. [Ref 1] 
(1) Field Strength Plot. From this prcduct 


{an ¢€xample which is shown in Figure 1.2 ) one can determine 
the Lest frequency tc operate on during each hour ox the 
day. The ccommunicatcr would simply look vertically down the 
gragh on tke hour of cperation and choose a rrequency ava21i- 
able whicn corresponds to the hignest siynal power received. 
The information considered in generating this plot includes 
the antenna type and its radiation pattern. One can stiecify 
any of seven antennas to the program but each 1s of a Set 
design and no ailowance is made for the operator's need to 


modify the antenna and its pattern for a particular link. 
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(2) Ray-Irace. As nay be noted in Figure laa 


one can oktain the TOA and azimuth to the » outStatione.cen 


lebih.) jsictesenehe: ic The arrow at the bottom of the graph adidas 
cates the receiver lccation. In this example, the f[froper 
TOA is 14 degrees. Cver a 24 hour operation period, a new 


TOA is needed at least every two hours, so one should run 


this mcdtle twelve times. 

(3) Environmental Noise Report. An examfie of 
this repert is shown in figure 1.4 Note that the joe 
noise indicated is fcr a Specific time and iregquency. Cne 
would run this program for every two hour period and on each 
frequency available to obtain ail the noise infcrmation 


needed. [Ref. 2] 
Ek. ECAGPReE labia he come. 


The communicator can request the TCeliaraee 
report from the Envixrcnmental Compatibility Analysis Center 
(ECAC). In the reguest he shculd specify the local station 
coordinates, outstation coordinates, radio power, and 
antenna that he will employ. The report as shown in figure 
1.5 from [Ref. 3:p 153] lists the reliability? of Connaiaaeas 
tions one SLould expect during each hour of the day across 
theo Br fand-. Optinum TOA is listed 1n the rights 


column. 


Reliability is . the | prcbabiiyeyees obtaining eee. 
reguired signal-to-ncise ratio at the Trecemyem 
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When using this report, the operator wouldmiea, 
horizentaliy accross the row for tne particulapeioureees 
operaticn tc rind the highest reliability. He woulda len 
select an available freyuency closest to the one at the top 
of the column in which the hignest reliability was found. 


{Ref. 3] 
Cg eas a ee er 1 
j 
RESULTS FOR MAY 1, 1982 TO MAY 31, 1982 10 CM FLUX 155.5 SUNSPOT # 111-0 
KANEHOE BAY H} TO CAMP PENOLETON MAG AZS MILES KM, 
22-27-12N,157-4S-15W 33-12-36N,117-15-24W 52.85,249.58 2566.0 412967 
{ XMIR: CONSTNT GAIN -OH L i 
lo oRcvR: CONSINT GAIN . OH L 
{ GRO CONSTS.  XMIR: CONO= .0278 DIEL=15.00 RCVR: CONO= .0278 OI€L=1S5.00 | 
POWER=1000.00W 3 MHZ NOISE=-148.606W/HZ TIME= 90 PERCENT RSN=48.00B8*HZ { 
RELIABILITIES ; 
UT FOT 2.0 3.0 5.0 7.5 10.0 °12.5 15.0 17.5 2020025 enn ANG 
i 0] 18.2 rae = =a a aa el2 24 30 30 e14 = 10.5 | 
02 1ee2 ~ - - - .06 .23 .35 .38 .35 415 - 10.5 | 
G3 «17.8 - - - .05 4.28 9S <Saemcas. |. sauna - 10.9 | 
+ 94 17.5 - = 10 «37 260 26S 9 coummeeS oc 09. 37 MeetnE - Liat 
1 G5 Tosh <c1S «33 9451. 265 -.77 Vsgs eo been - - 12.2 
1.06 15.1 -.53 .S8 468 <73 az 0478) Ml epu> .1> = : 126 | 
| O07 14.6 .S50. .549 .61 .7) .80 «78 64 .35 .O7 2 . 13.0 
08 14.0 48 .52 .59 .70 .80 .76 .61 31 4.06 = S 13.0 | 
} 99 13.7 648 451 “56 9569 <80 9.74 -S7mmeCe nS - = 13.2 ] 
j 0 13.2  .50 2.59 $60.70 .81 9.73 <ScmeOMenS - - 131 
1} 12-5 56 «60 64 73 8) 70 42 elo = aa ad 13.0 | 
12) ils 61 1.66 Soom .78 “ arpmeeco an : 2 é ize 
13 11-0 639 «49 GEN 2272 375) eee ommeny - = - 12-0 | 
14 12.0 = «201 635 «60 «7 162d ees - = - 11-5 { 
15 12ou - - = .29 «58 9235S suo d7 - - ~ 1120 | 
16 146 - - - .01 «28,983 co20e > ya Gn - 1120 
y 17 News - - = - .02 .26 .39 .3) .22 OS - 10.8 | 
j 18 Teno - - - - = “.16 Yo2@ .26 19> oe - 10.8 i 
} 19 17.2 7 = - : = 05.418 «22 (201 or oeean Fle ! 
} 20 2464 - - = - = 2.05 9)e1S B20 Meee waa - 16.5 § 
25 2523 - - - . - 2.02 .13 19 Wee: So esan 16.8 
22 25.7 - - = = - 02 .13 “319 ee2o) (eee een 16.7 
23 18.6 - - - - - 03 «18 2502s. See 11.3 
! 24 18.2 - - - - - ,04 .17 §, 2007) Cas - 10.8 
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Figure 1.5 Reliakility Report from ECAC. 
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(iro iy clo repoOrrecOntaliscmg@ali the inicrmation 
which would have to Le compiied Lrom tue three Propnet fred- 
ucts discussed arove. Althougn ECAC's report is better, cne 


must alicw days between request and receipt. 


2. Antenna analysis. 


Cne may use one of three methods to determine tae 
radiation patterns of antennas -- Numerical Electromagnetics 
Code (NEC) developed at the lawrence Livermore Laboratory 
Tor large computer installations, MININEC a cut down version 
Of NEC written in basic for microcomputer analysis anc the 
Accessicrie Antenna Fackaye (APACK) another wmicrocomfuter 


based pregram develored for ECAC. 
ae Numerical Electromagnetics Code (NEC) 


The technigue used to analyze the antennas in 
NEC is the Methcd cf Moments (HOM). in the program the 
functional electromagnetic field ejuations are reduced to a 
set cf equations that can be handied ina straight-forward 


Basalon using Matrix wanipulation on a digital copruter 


{Ref. 4}. This methcd is used for modeling the antenna and 
its ifmediate envircnent. FilSe the Input Meee dances@en i 
Meme ncwiiScoipution ch the antenna ace found, Erom this the 


antenna cain and radiation pattern can be deternined. ine 
Mel -iCJram provides performance estina 

Beecemespace, Over ipersectiy conducting ground or fi! 
Bonducting yorounud which 15 a good approxinati 

Mreid Condition. [Ref. 5] 


Peete 1 NEC 


2he GOSt commoniay used options in NEC are avail- 
meee in MININEC. {Ref. 6} It cannot eSstinat 


patterns over finite ground. 


€ radiatil1on 
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c. Accessible Antenna Package (ArACn) 


This 1s a set of subroutines which eévaluate 
analytic expressions to determine tne radiation patterns of 
severai wire antennas. The routines can evaiuate antenna 
modeied in free space, over ferfect conducting and finite 
conducting ground. The routines can be ainstalled in a 


Micrcccmputer. jRet. 7] 


Co, Si0DyY GCEVEC TI es 


“ 


Fropagation analysis, antenna design, and freguency 
selecticn are skilis that reguire detailed training to 
master. Although several computer pased tools are avail- 
abie, the outputs of e€ach must be anaiyzed anid fea to Guia 
and only a skiilied communicator can appiy the inicrmation 
and engineer a reliatle communications link. 

Tke cbhjective of this study is to develop a micrccon- 
puter casé€d prograz which combines the canapnilities of 
Fropagation path analysis, antenna design and freguency 
selection. It will reguire ouly a limited amount cr inoue 
listed in table 1 and its output will be instructicrs on 
antenna construction and frequeacy useage. 


The program can be divided into two distinct areas. 


Chapter II covers tre first area -- propagation path and 
noise analysis. The procedure for carrying out this vageee 
ysis is shewn in the flow chart of tigure 1.6 The secend 


area, antenna design and evaluation is discussed in Chapter 
TIiI; fagures 1.7 and 1.8 show tne processes develo;yéed in 
that Charter. 

Chanters TI and III cover the compurcer alyoritnueaee 
general tanner and the theory denind the processes dre 


discussed. The detaiied alyoritnhm apbears as Appendix £&. 


pe ae en ee ee ee ce 
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TABLE 1 


Cemputer program input 


Freguencies available Icr cperation | ; 
feedt. OL Daiessocerne 20Cal Staclon and outstation 
Link Start time and sto, tine 
Cate lirk is to ke operated 
Ge? cm Fiux ae 
Heignt of masts avaiianie . . 
Lenyth of the antenna site along the azinuth 
to the outstation 
ength cr Wire avaagiaple 
LYES of wire avaiiapble ~ 
We 1/ i 1) OF Cause oe 2 ot Eronze 
Resistors and Bpaivns available. 
(i.e€., anterna tuniny devices) 
iransgitter Power 
Man-Made Noise Level 
shipboard 
Business. 
Kesicdential 
Pilea 
Cuiet-Rural 
Oasis Maiy ne 
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| 
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Figure 1.6 
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Flow chart for propagation and noise analysis. 
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antennas are nossible 
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Figure 1.7 Flow Chart of preliminary antenna analysis. 
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Process complete 
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FPigure 1.8 Flowchart of antenna design and analysis. 
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Il. PROPAGATION FATH AN 


OISE ANALYSIS ALGORITHMS 
Hi thinetwhomalGgorithmo ait times, are local unless cther- 
wise indicated. Tke local station is referred to as the 
transmitter and the receiver is the outstation. 
Prestemimloddrtinhiic LEhequecncies refers tows frequencies 
logarithztically distributed between 2 and 32 Mhz. Bac i 
frequency is determined using equation 2.1 where I is 


mingexeaq cren, 2 to 10. 


f= SCRI(2** 1} (21) 


A. CCMEUTE ENVIRONMENTAL NOISE AT THE RECEIVING STATION 


The environmental noise is computed ror the nine loga- 


rithrnic fregquencies during each hour of the day at the 


receiver. Sailor's [Ref. 2] noise model is emplcyed to 
obtain tke noise values. This model considers the external 
hoise as being comrycesed of three byes ~-= saeMOsSeheric, 


galactic and man-made. 

Atmospheric noise usually dcminates below 30 Mhz. It is 
a functicn of season, location, time of day and tfrecuency. 

Galactic noise may contribute if the noise at the 
frequency cf operaticn can fenetrate the ionosphere. The 
cut off freguency is determined from the Maximum Useatle 
Freyuency Fregquency*® (MUF) corresponding to the Sunsfot 
Number (SSN). Piwgaidertic nolse will contribute to the 
external noise level on the logarithmic frequency then the 


median galactic noise is calculated. 


Signals transmitted on frequencies above the MUF will 
fass thrcugh the ionosphere. 


Ze) 


Man-ayaa¢e noise Caiculations are based on the level spec- 
ified by the operatcr to fall into one of Six <Gateqemu 
that are defined in [kef. 8] and below: 

Rurai--~lccaticns where land useage 
1S primarily for ayricwiveinrga. 
Or Slmilar pursuits, and dwellings 
are not more than one every five acres. 
Residential-any area used predominantly 
for single or multipie family dwellings 
With a density of at least two family 
units per acre and no larye or busy 
highways. 
Business--any area where tne predominant 
useage throughout the area 1s 
ror any type of business 
(e.g., Shopping centers, 
haln streets, or highways 
lined with varicus business 
enterprises, etc.) 
Shippoard--Arcard Shia, nomseomis 
ccnsicered eguivalent to business 
Cuiet Rural--iess density of numan 
activity than 2ueae 
Cuasininigum--Less activity than 
Quiet hkural. 

rach of the three types of noise -- Atmospheric (Na), 
Galactic (Nc) and Mar-made (Np) are expressed in terms OF 
decibels of respective noise power to the thermal uoise 
density at the outstation. For example the value of Na is 
given by equation 2.z, where k is Boltzman‘'s constant and T 
is the arsciute temperature (rccm temperature 1s 290 deéesrees 
Kelvin). The three sources of noise are cowbined to ferga 


Single ncise figure (XK) in equation 2.3 


oO 


Atmospheric Noise Power 


J = Co ? 
No 10 Log jo ( KT ) C22) 
O 
N,/10 N /10 N_/10 
N = 10 Log, ,(10 Oe een ) (2.3) 


Br. COMPUTE POWER Ob. SIGNALVRECEPVED. 

Field strength of the received signal is computed for the nine 
logarithmic frequencies. This process is repeated for each hour of the 
day. Calculations are made using Martin's [Ref. 1] Field strength module. 
Damboldt's equation (equation 2.4 (derived in [Ref. 9]) provides the field 
Strength (F) at the antenna in microvolts/meter; given the free space field 
strength (Fo), Maximum useable frequency (MUF=fm) Lowest Useable Frequency 
aoue=f1)” and frequency of 

FG : f“x1) 9 a 
F = “7 a anal wnere: l= (F L/D + (F/F ) (e774) 


Be at Pl 


operation (f). Free space field strength is computed using equation 2.5 


given transmitted power in watts (P) and path 


Fo = 20 Log, (300000 /P/R) (eS) 


length in kilometers (R). Equation 2.6 relates F to the signal power (S) 
at the receiver relative to kTo. In this equation Nn is free space 
impedance (120 * pi) with units of ohms, Aeff is the effective aperture 

of the antenna given by equation 2.7 and GdBi equals the antenna gain over 


an isotropic radiator. 


— oe oe eee ee ee es es es ee es ee ee ee ee ee ee oe oe oe 


7eienals transmitted on frequencies below the LUF will be absorbed 
by the ionosphere. 


Zo 


= 
ae , Zee 
oa Ve Ae + Aefe = 10 © coiaiey ( 


Aeff= Cue, ~ 10 Ley (Kp) (2am 


C. CCMPUTE SIGNAL TC ROISE RATIO 


Using eguaticn 2.8 the signal to noise ratio 1S Compeamee 
for each of the logarithmic frequencies for each hour cf the 
day, the results are stored in the matrix variakle 
S/N_RATIO_CN_LOG_FRECUENCIES. By interpolating between 
adjacent logarithmic freguencies a signai to noise figure is 


computed for the available frequencies andthe results of 


this Frocess are stored in the flared variatle 
ay oa 
S/N = 5-H (2.8) 
S/N_RATIC_ON_AVAILABLiE FREQUENCIES. An example of the 


latter teble is fvstedwin tanwe= 2, 


T. DETERBSINE TAKE-OFF ANGEES 


Given the ionosphere layer neignt and great circle 
distance the TOA 1S determined uSing table 3 (derived fron 
[Ref. 10). j The height is obtained from a efprocess 
Martin used in his Ray Trace module. Ref. 1 Qn 
the process, the height 1S calculated at seven points alcng 
the propagation path; tne value used in the progragr is the 


average cf those heights calculated. 


=e DETERMINE THE DESIGN FREQUENCY AND ANTENNA TOA. 


Three design frecguencies are determined in this frocess. 
The first is the best frequency for which highest S/N is 
predicted at midday, the second design frequency 1S the best 
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Pe emeitomi, and tne third iS the averajye or the pest 

freyguencies for a 24 kceur pericd. 

j PADLE.Z 
S/N_EATIO_ON_AVAILABLE_FREQUENCIES, (example) 


| 
Po 328841020 17202520 | 
ee 
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eee de 
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! eee 
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See ee 2 ee |e. 2---_2 1 | 
ei rere 8 2S | 
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TABLE 3 
Take-off Angle 


Ionosphere Layer Heaght 

nn Oe GeO eee eee eee 

2000 3 #3 6 #9 12 «415)) qa seueunem 

» 21370 6 12 15 «+48 #21 128 S270 |30)lueE 
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Analysis is first carried out on the S/N values ioz tne 
logarithzic frequencies. Tne best fre.,uency for eacn aeme 
of operation is determined and their average is caiculated. 
Cne can assume that the best frequency wili be low (relo. 
the average value) at night and high during the day. A low 
to high transition cf best frequency tirough the averaye 
value€é indicates the time is dawn; a hiyk to iow transi eee 
indicates time is dusk. The time halfway between dawn and 
dusk is taken to be midday; and midnight is halrtway cetween 
dusk and dawn. 

An available freguency closest to the best logaritdiic 
freguency at midday is chosen as the first design frequency; 
similarly the second design frequency is chosen at midnight. 
The availarlie frequency closest to the average value 1s 


chosen as the third design frequency. 


B)2 


Dicmmeebcce al 9 DaseS Initial anteuna Gesigns oi 
antenna-I0A which is aiso calculated ik this routine. 


Simply the preferred T10A at the time oi dawn. 
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IIL. ANTENNA LESIGN AND EVALUATION ALGORITHM 


—— ae Ss > ieee sa oe =— = =——— —= 5 ee ee ee ee SSS ee ee 


Aw. GENERAL 


Cutput from that yfortion of the alyorithm covered in the 
last chapter is required aS input into tae antenna design 
and eévaluation processes. initial desi,n on all eme 
antennasS wiil be pased on the design frejuencies and interna 
take-cff angle previcusly determined. AS a Measure to Evai- 
uate €acn antenna a Si¢arae to noise tarle 
(S/N_RATIC_CN_ANTENWNA) will ke developed Ly addiag the 
antenna gain (at the TOA and along the azimuth to tae out- 
Staticn) te the corresponding (frequency and hour) vaiue in 
the table -- S/N_RATIO_CN_AVAILABLE FREQUENCIES. The 
S/N_RATIC_ON_ANTENNA table will be of the same format as 
tabve 2. 

For the whip S/N_RATIO_ON_ANTEWNA is automatieaguee 
generated immediately after the propagation ~atn and neise 
analysis is complete. A new S/YN_KATIO_ON_ANTEWNA wiii auto- 
Matically ke generated immediately after otner antennas are 
designed or modified. These S/N_RATIO_ON_ ANTENNA tacles 
Snouid ke ccmpared to determine the penfits of Constructing 
each antenna. 

Several opticns are availarle to the operator for design 
and evaluation on four antennas -- lonjwire, dizsole, iaait- 
Square and vee. Each antenna is handled by the proygraf in a 
unigue manrer. In the folizowing ,resentation the ;rocedures 
for désisgnirg and evaluating each antenna wiisl be covered in 
a sefarate section. Example instructious for the censtruc- 
tion and use of each antenna appears in Appendix C. 

Appendix A descrikes the computer models and frecedures 


used to cktain the pattern data for each antenna. 
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magure Sot Longwire Antenna Field Configuraticn. 


1. General. 


Figure 3.2 depicts the one dimensional radiation 
pattern cf a Longwire antenna in freespace. The number of 
lobes and the magnitude of the main lobe increase with an 
ancrease® in the lencth of the wire. [Ref. 1tspp. 7-1,7-3] 
Also the ancle (wave angle) between the center of tne Gain 
lobe and the antenna decreases as the length of the wire is 
increased. One can determine the waveangle for a given 
length (in tavelengths) by using the aid depicted in Figure 
oe! . 

To cbhtain the three dimenSional radiation pattern 


one would rotate tke pattern of figure 3.2, around the 


=p an “hb op a <op OP a ee Se ee 


6In this context increase in the number of wavelengths. 
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Figure 3.2 Longwire radiation pattern in free space. 


antenna axis. In se doing a line through the center of the 
main lobe would trace out a hcllow cone as shown in Figure 
324. 

The half cone depicted in Figure 3.5 represents 
(apprcximately) the lcecation of the main iobe when the long- 
wire 1S mounted horizcntally over ground. For best communi- 
cation a fertion of the mainlobe should be ali,ned with the 
path (along the aziguth and at the desired take-off angle) 
to the outstation. Jo accomplish this, one must ocrientgeae 


antenna off the azimuth to the outstation by a degree 
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Figure 3.3 Aid to détermine wave angle given the longwire 
length. 


measurezent egual tc tne orientation angle. Tne law of 
cosines as specified in eyuation 3.1 can be used te calcu- 


late this argle. 
ze Lesign 


Threughout the design process the longwire will be 
optinized to perforn ces aD the pest frequency 
(DESIGN FREQ(3)) during the time of dusx and dawn and for 
the desired take-off angle at dawn (ANTENNA_TOA). 


a. Dimensions 


Cijeeenelcnt. Fach end of the longwire should 
ke erected as high as possible. The end closest to the 
radic will ke set at the tallest mast (Mast (1)) height and 
the far end will be sé€t at the next tallest mast (Mast (2)) 


height. 
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ed 


(Cone representing the center or the main lope 
rcetated around the longwire) 


Figure 3.4 Main lcke trace (3 dimensional) for longwire. 


(2) Length. Cne should corstruct tae longum. 
as lon¢ as possible tec obtain the highest gain. “axingun 
length 1s determined by first considering the desired 
take-cfi angle; the antenna should be sufficierntiy short 
that the take-off angle 1s less than or egual to tne wave 
angle, ctherwise regardless of the antenna orientation the 
Main lobe will under shoot the path trace to the outstation. 

The second criteria for establishing the 
Maximug lJength, is the actual length of wire availatie and 
length of the operaticn site. 

Given the maximum lenyth of the longwire, 
the electrical length can be determined: A Single wave- 
length is calculated using eguation 3.2. Tue variable FACTOR 
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ORIENTATION 
on Poe = 
WAVE r tb 


ANG — 


(Half ccne representing the main lobe trace of a 
longwire erected over ground.) 
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Figure 35 Longwire orientation diagran. 


ORIENTIAIICN ANGLE= (2b) 
Erecs (Cos (WAVE_ANGLE) /Cos(TAKE_OFF_ANGLE)) 


is determined by eéguation 3.3 if the antenna wire is 
Mie 7iit.’ FOr Copper or fphosphur bronze antenna wire, 
FACTICE eguals 984. 


WAVELENGTE = FACTOB,/DESIGN FREQUENCY (Sra 2 } 


*This fcrmula was determined experimentally. 
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It is desired that the electrical len 
ke an cdd multiple of a quarter wavelength minus Zive 
rercent tor end effects (e.g., 1.2, 1.7, 2.2, 2577) 2ceeeee 
At these lengths the radio will most easiiy tune to the 


autenra. 
ke Orientaticn 


Once the electrical iengtnh of the antenna is 
known, the wave angle can ce determined r=icn fiyure 3.3 ane 
the orientation angie in turn can be calcuiatea using iigure 


u 
3.5 and equation 3.z2 Tke azimuta along Wwhick the aja 


cr 


snould rte aligned is the azinuta to the outstation Plusmo 


winus the crientation angie. 
Cc. ‘TI6ENinating Resistor 


If a =C0-600 ohm resistor is available it can be cci.nected 
ketween the far end cf the lorgwire and a ground stake. The 
resistcr must be rated to dissipate at least 1/73 of the 
output power of the transmitter. One fight additionaily 
connect a ccunterpoise (a wire) between the racic grcune ane 
the icw end of the terminating resistor. The resistor wae 
cause four major changes to the antenna's Characteristics: 

(1) The input imfedance of the antenna will increase tc 
300-600 chms. 

(2) The antenna will be broader banded waxing it fossille 
for the radio to easily tune to many nore freguencies. 

(3) The radiated fewer in the major lobe will Cecrease by 
apprceximately 2 dB. 

(4) Ike antenra will poorly transmit and receive signals 


to and frem the rear. 
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Aiter the longwire is initially designed the frograua 
accepts instructions to reset the heijht of each end, the 
antenna lengta, andycr the azimuth aiong which the antenna 
will be aligned. AttememedcGh MOoditication the prcgran 


reevaluates conmunications. 


Gain data is stored fcr longwires .125, Reo: | Su 
mo rand 1.5 Wavelengths above the ground, and for i, Zz, 3, 
Wu, € and 8 wavelensths long. Phe pattern data for each 
model represents 11 vertical cuts tarougn the caiculatei 
Mattcin, with a cut taken every 3 degrees fron 0 ovt to 39 


orf the vertical plane passing through the wire axis. 


The program retrieves the particuiar pattern data 
for the iongwire which most closely a,»proximates the dinen- 
sions ot the one designed for the link, and tre cut within 
the pattern data corresponds to the anyle which apprexinates 


the orientation angle. 


5. Antenna reed 


The input imyedance of the lonjwire antenna (when it 
is anodd multiple of one guarter wavelengta lony) 1s 
between 100 and 200 ohms if the antenna 1S unterminated, 
ctherwise it is btetween 309 and 590 oams. TaLS antenna 1s 
usually ccrnected directly to tae output of the radio 
coupler, an impedance matching device. ir the antenna is to 
ke fed with a coaxial cable (characteristic impedance is 
S0-75 chms), then a 4:1 transformer is needed between the 
coaxial carle and the antenna when the longwire is unterri- 
NMated, anda 9:1 transformer is needed when the anteuna 15 
terminated. 
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Figure 3.6 Difrole antenna Pield configuration. 


1. General 


Figure 3.7 depicts the radiation pattern of the 
dipole in free space. A dipole constructed 1/2 wavelength 
above grcound would create the radiaticn pattern of figure 
oes Ncte from figure 3.8 b) that if the take-off angle to 
the outstation is between 10 and 50 degrees (distance tc the 
outstaticn is greater than 400 kiiometers) then this antenna 


will €nnance communications. 
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Figure 3.7 Radiation pattern of dipole in free space. 


when the antenna iS constructed close to grcund the 
majority or the power is reflectei upward. This 1S mcreso 
true ir the antenna is less taan 1/4 wavelength hign. 
mrgure 3.9 depicts the radiation pattern of a difele 1/10 
wavelength above ground. It will enhance communications if 
the take-off angle tc the outstation is between 50 and 90 
degrees. 

CoiedranogesiGubeC o2eama) = and Figure 3.9 a), one may 
note that a dipcle ccnstructed for longhaul conmgunications 
(greater than 400 kiicmeters) is bidirectional while one for 


Sshorthaul is essentially omnidirectional. [Ref. 12] 
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The dipcle is ahignly selective aatenna. Yio 
table 4 [Ref. 13:3 pe 21]J one Can See that a dipole operawed 
co a freguercy just 11 percent below or 6 percent arcove the 
design freyuency will nave an erficiency of less than 59 


percent. 


] 


TABLE & 
LTipole Selectivity 


Power Radiated 


EFower radiated by a dipole ccnnrected to a 
100 watt trarsmitter operated on tireguencies 
around the design frey,uency. 


| 
i { 
i ‘ 
| l 
i ; i 
Transmitter { by Dipole 
j Frequency —__ _ =n 30s. Jo ee 
| F(design Freguency) { 100 { 
i 0.982" Ota 89 
| O29627or 20 2F pS | 
{ O.94F or 1.04F 64 | 

fo ee eee Se ee 5 - - - - -  - ---- 

i 0. 925 or aoe 56 j 
| Ono 92 Ole ie viet | 49 
026% OGegl. 0 ae | G4 | 
| O20 vOGmlawor 40 
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<- LFesign 


In the design processes the dipole is optigized for 
the best freyuency (LTESIGN FREQUENCY ({3)) during the tinrew@e 
dusk and dawn and fcr the desired take-off angle at dawn. 
Timensicrs cf two otter dipoles are determinec: one sét is 
for DESIGN FREQUENCY ip LOE day Operations ang 
DESIGN FRECUENCY (2) £crmehe aumcmes 


Ge 


ae omens Ors 


(1) Height. For links where tne take-ort 
angie is less than 50 degrees, the heignt of the antenna is 
set Ey tke shorter of the two tallest masts (height or MAST 
2) ). If the take-orf anyle is greater than 50 cégrees 
three heights are found, each is set as the lesser cf 1/10 
cl a wavelength (on the taree design frequencies) anc the 
height of Mast {2). 

(2) Lencth. Three antenna lengths are found 
one fer €ach of the three design frequencies. 

(3) Orientation. Proper orientation ox the 
antenna is 90 degrees off the azimuth to the outstaticn. 
There is some leeway in the manner tne dipole is oriented. 
If the take-off angle is lé€ss than 50 deyrees then the 
dipoie is tidirecticnal and the antenna must be erorerly 
oriented plus or minus 40 degrees. When the take-off angle 
is yreater than 50 degrees the dipole is omnidirectioné. and 


thus it may ke oriented aiong any azimuth. 
3- HWodifications 


After the dircle is first designed Fy the conyputer 
it accerts instructions to reset tne desiyn ireguencies 
and/or the height cf the antenna. On the new design 
freguencies tne program recalculates the antenna length and 
height {if it is not already reset pv; the operator). The 
communications link is then reevaiuated and the resuits of 
the nodifications can be detected in the taile 
S/N_CN_ANTENNA. 


4. Hadiation patterns 


Gain data is stored for the dipole erected at 
heights ci .125, .25, .45, 0.75 and 1.50 wavelengths. The 


Fattern data for each model is a Single vertical cut throug: 
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the center of the dain loce. rhe program retrliéves the 
Fattern data for tke modelec dipole which is closest in 


height tc the one designed for the link. 
S- Antenna Feed 


The input aimredance of the dipole is approximately 
60 ohms so a 50 onm transmisSicn line (coaxiai cable) can be 
used Fretween the radic and the antenna. Altnougn the dipcle 
is a -alanced antenna and the coaxial cabie is an unktalarced 
transmfissich line, a@ balun (balanced to unbaianced trans- 
trormer) skculd not ke used® Letween the two; the cuter 
shield ci the coaxial cable should Le connected to cie 
dipole element and the inner conductor of the cable tc the 


cther element. 


[T. HALF-SQCUARE 


Figure 3.11 depicts the radiation oattern of the 
half-sgquare at 10 degrees akove tne horizon. the predoni- 
Mance cr power radiated is vertically polarized so the angie 
retween the main iobe and the horizon iS Less than the ctuer 
antennas (which rcadiate horizontaily polarized signage 
discussed in this chafter. This antenna is ideal Lor Gea 
haul CcumGunications; for these iLanks the desired TOA is 
Small. [Ref. 15] 

Fecause this antenna 1s relatively samali it is 
Simpler than otners tc erect. A disadvantage though is taat 
it 1S narrow banded like the dipole. A dixcerent hadi 


square must be cut fer each frequency of operation. 


BTests _using an airborne transmitter have shown that 
rFalanced and unbaianced horizontal nalr-wave dipole antennas 
have similar radiaticn patterns. [Ref. 14] 
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Figure 3.10 Half-sguare field confiyuration. 


2. Lesign 


In the design process the half square will te cpti- 
mized for the best freguency (DESIGN FREQUENCY (3)) at the 
time cf dusk and dawn. Dimensions of two other half-sguares 
wili alse kre determined: one set 1S for DESIGN FREQUENCY (1) 
meneday cperations and DESIGN FREQUENCY (2) for the night. 
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Figure 3.171 Half-sguare radiation pattern. 


a. Dimensions. 


Tone height of the antenna is set to be the snor- 
test cof the two tallest masts (MAST (2)). Length of the dewn 
jdegs is 1/4 wavelength? and the length of the cross menmter 
4S 1/2z wavelength. End effects snould not be considered in 


the Calculations.i19 


9havelength is determined using eguation 3.2 
10In field eee the Pees was fcund to 


resonate when the dimensions were calculated using the same 
Zactor as for the longwire. 
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EeeerOLrLentaticn 


PLOpPeED Grientation of the antenna 1s 90 degrees 
mee the azimuth to the outstation (broadside). One can oe 


Mee in the crientaticn Dy pilus or Minus 35 degrees. 
Bee Oder icat: Ons 


a ae ee CD eee 


The operator is given tne option te change caiy 


ct 
4 
WD 


- 


design freguencies. 


Gain data is stored ror a single version o£ the 
mali-square. The same pattern data 1s used to charactérize 


the half-sguare ca all frequencies. 
9- Antenna Feed 


fhe input iamgedance of tne half sguare is apyroxi- 
Mately 50 ohms ; Ref. 16] sO a coaxiai transmission line can 


re used Letween the radio and tne antenna. 


1. General 


The vee antenna is merely a combiuatioa of two losg- 
Meres, the patterns of which combine to form a singie ajzo0r 


lobe ot tne Shape Sacwn in tigure 3.13. 
Zz. Lesign 
a. Dimensions 


In so far as the determination of the vee dizen- 
sions are ccncerned, proceduces described unger "Lengwire" 
above arrly. 


a 
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Fagure 3.12 Vee antenna field Configuration. 


bs.) Or tentat cen 


Tae vee should be oriented such that the azine 


to the outstation bisects the apex angle. 
c. Apex angle 


To determine the apex angie one should determine 
the crientation angle for a single lonywire and ttken 


EULELE LY tais valve ry tuo. 


Gd. Terminating kesistor 


EE) ¢tywe 300-690 ohm resistors are 
available they can be connected between 
ine far end of tte antenna lejs and ground 
stakes. The resistors must be rated to dissipate at least 
1/3 of the output pcwer of the transmitter. The resistor 


will cause four major changes to the antenna's Charactepaae 
tics 

(1) The input impedance of the antenna will increase to 
200-600 ches. 
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The operator is provided the option to alter the 
kasic design of the Vee by changing the apex angle, leg 
length andyor the atrtenna heigut at eitner exd of the 


antenna. 


4. Fadiation Patterus 





Gain data is stored for the 30 combinations of 
height and length previously indicated for the longwire. A 
third dimension (apex agrgie) is added to the matrix of 
combinations for the vee; tne values of tae apex angle are 


= 


3, 39, 45, 31 and 00 degrees: 


dad 


5. Antenna Feed 


Se SS See a Se 


Ine input impedance of the unterminated vee antenna 
is between 200 and 4CC ohms ard anda vee ternizcated intoa 
resistor has an input impedance between 300 and 600 chas. 
Another teed consideration is that the antenna is balanced 
(the two fed elements are the same electrically). This 
antenna is usually ccnnected to the radio through a ccaxial 
cable, an unbalanced transmission line whose characteristic 
impedance is 50-75 onmts. Io 6transftorm the impecance a 4a) 
Falun shculd be conné€cted between the coaxial carle anc the¢ 


vee. 
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IV. CONCIUSIONS AND RECOMMENDATION 


Ae GENEBAL 


The program develcred ir this study processes a lizited 
amount of raw information into the instructions an operator 
needs to set-up and waintain an HF skywave communicaticns 
Perri k « PEucGmeCOMmrnilis eno Pagatlon Dath, noise and takeé-cii 
angle information has been available from a @Micrccomrputer 
based system { PROPHET) in three seperate reports and fron 
ECAC in a Single report, but only a weil trainec and experi- 
enced operator cculd maxe fuli use oc these. Antenna design 
programs (Specifically NEC) which take into consideration 
finite conducting ground are limited to large conruter 
systems and are not avaiiable to the general user. ZTH1s 
program ties all these capabiiities into a Single tooi. 

ihe program iS written in algorithmic Lancuaje making it 
possifle to easily ccnvert to any programming language on 
any system. 

Poaseas only the £irSt iteration of a solution. Paes t 
improvements to the frogram should include an upaate in the 
antenna data base to include the effects on the iongwire and 
vee radiation patterns when ground stakes are emplcyed. 
flSO, the take-ori anjle look-up table {also witn the Cata 
base) should be updated based on reports pubiiskeéead after 
[Ref. 10}. 

Othex recommendations reiated to computer applicaticns 


in ccmmunications engineering follows. 


Be NEW COMFUTER PROCUREMENT 


An investiyation should Fe initiated to identity a Lew 


Standard computer cor Communicators. Characteristics snould 


DS 


Ine Luce: lightweight, inexpensive (ieSS thar 2357000 
64K cf RAM, battery operaticn, intesrat seconcary stczace 
capaktility (tape preferred) , and at least 40 column hardcopy 
Frintcut. A graphics capability is desireable Furie. 
reguizred. 

Distribution of the computer should be to ali units with 
the reguirenernt to establish skywave HF circuits. 

Future program development as describec belicw say 


justify this need. 


C. CCMEFUTER AIDED ANTENNA DESIGN AND FREQUENCY SELECTION 
BASEL CN ECAC PRELICTIONS 


The program developed during this study is based on a 
mMicrceccmputer analysis of propagation. AS such the cenenae 
€rations are limited toa sSmaii number of variabies and 
Should be considered a first approximation. A higher ender 
approximaticn car be cbhtained from ECAC. Therzr celvapiae 
report, an example cf which 1S shown in Ttasie “12 Saeea be 
used as input tca [rogram that can carry out the rrocess, 
descrifed below. It is Similar to the computer aided desigi 
(CAD) pregram of this thesis. 

1 Design freguencies would be chosen tor the three 
pericds cf day, ight and transition (dawn/dusk}. 

Ze An antenna would be designed based on the design 
freguencies, and lirk parameters--dimensions of the antenna 
Site and materials available. 

Si The reliabilities would be adjusted to take into 
account the gain of the antenna desiyned. 

4. Anu output report would be generated similar to 
that cf the present CAD progran. The format of the Ogepae 


tor's takle would be changed to that shown in Tabie 5. 
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TABLE 5 
Operators Reliability Table 


EREQ/REL EREQ/REL EREQ/REL FREQ/REL FREQ/REL 
11 25.07.48 26.57.48 24.07.45 21.57.38 19.27.20 
I Siem 6557555 «241071928 21157136 19.27. 16 
Pee cm 255072 U5me24. 07,490 21.57.30 19.27.11 
HEME AO St 5e DIG 57542 «24007240 21.57.20 13.27.11 
146 25.07.48 26.57.48 26.07.42 21.57239 19227211 
meee te 25507850 24507245 21.57.30 19.27.11 
lem 25a 2 Ser 26857258 2420/7154 21.57.43 15527.20 
ome S e078 620 26n5/7.018 24507259 21.57.53 15.27.29 
Pieeemo7 62) Dae07so4 8 20.57.62 21.57.60 19.27.43 
pee 468 2550726508 2115/5638 26.57.00 19.27.52 


Operator's reliability; table for link between Kaneohe, 
Hil and Sone Courtney, Okinawa. The lank was active 
between 1100-2200 Kaneohe lccal time. 
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D. CCMPOUTER AIDED DESIGN ON THE ADPE-FMF (GREEN MACHINE) 


Up te this point, the discussion has been limited tc the 
development of pregrams written in BASIC programming 
language. The progzam as described in paragraph A.zZ akcve 
Can Fe written in COBOL which is a lanyuage the Green 
Machine can process. This researcher naaS already irple- 
mented a version of the program in COBOL on the IBM 2022 at 
NPS. 

It is recommended that the rogram as described in fara- 
graph A.2 above be implemented on tne Green Machine and 


distributed for communicators' use. 
ip. CCMPUTER AIDED TESIGN USING ECAC*S ACCESSIBLE ANTENNA 
PACKAGE 


The Accessible Antenna Fackage (A2ACK) [Ref. 7] is a set 
cf computer subroutines which may be used to determine the 


radiation patterns cf several wire antennas. In that the 


a) 


routines of AFACK wceculd be implemented orn “a micicccn meee 
the patterns tney generate will not be as accurate as can be 
‘computed uSing the larger NEC (NEC was used to generate the 
data kase in tze present CAD program). In some cases tkaugh 
the patterns computed ry each program will be sSifilar. 

tt is recommended that the APACK routines for the long- 
wire, vee, and dirzcle be acguired and that the patterns 
generated by these ke compared to NEC results. The AP&cCK 
routines should then ke included in the present CAD pregran 
and used to generate pattern data in those cases where the 


results are sufficiertly accurate. 


Fo CCHMEUTESR AIDED ANTENNA DESIGN FORK GRCUNDWAVE 
CCHNUNICATIONS 


Megatek's [Ref. 17] grcundwave analysis proyram can he 
used to determine signal strenytuo loss over various tyves of 
terrain, on freguencies of 2-75 MHZ ana for horizcrtapl 
(40-75 MHz) and vertically pclarized radio waves. 

Ferther development might incinde tae automation cz the 
kasic radio plan (fcr radio netS uSing jgroundwave). Ah 
operdtor wculd enter his dist of freyuencies available, 
radics available, breakdown of the nets required, and the 
jocation of the units on the nets. The comouter wouid tien 
deterngine best use cf frequencies and recommend frcadics ana 


antennas to be used Ly each station of each net. 
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APPENDIX A 


NEC CCMPUTER ANTENNA MODELS 


Ae CATA STRUCTURE. 


ihe data necessary to represent the radiation fatterns 
for €ach antenna is stored in the tape file. cocina l Cie r 
28 numbers in the file represents a vertical cut tnrough a 
Tadiatich pattern with jain values from 3 to 84 dé€6grees 
zenith. 

Only a Single vertical cut fLepresents tne pattern for 
each variation of the whip, vee, dipole and nali-syuare to: 
the fcllcwing reasons: 

-The whip and shorthaul dipole are onnidire 
and so a Single vertical cut can represent tne fatteri an 
all directicns. 

-Prorer orientation of the vee is such that tae 
azimuth to the outStation bisects the apex; tae dipcle (for 
longhaul aprlications) and half square should Ce oriented 
broadside tc the direction of the outstation; and sc the 
Single cut along the direction of maximum radiaticn is the 
cnly pertion of tae pattern needed for analysis cf these 
antennas. 

A total of eleven vertical cuts are needed to represent 
the patterns for each Jlongwire variation. Toe longwite, 
unlike tke other antennas, should be oriented dirtferently 
Fased on its electrical dimensions; gain along any o£ tae 
aZimuthal angles (out to 30 degrees otf the azimuth tc the 
outstaticn) may Fe reguired for analysis. 

To oktain the data for the file, a specified number of 
Variaticns cf each antenna were modeled on NEC and taese 


appear kelow. The artennas are mnodeied over fair ccnducting 


U1 
Ww) 


SOli (Epsiicn = 19, Signa = 2c ee Values of total gain 
(combined vertical and norizontal polarized power) is stored 
Late. dataerttce. 

Fer the longwire and the whip the computer sodel 
includes a rzretal box that 1s the same approximate size of a 
jeep body [{e.g.-, a HaC-138). ine box is represented by a 
wire grid es Snown in figure A.1 and the data generating the 
tox is listed in talle 6 This box does not appear in the 
models of the vee or hali-~syuare because tnese antennas are 
fed through a coaxial cable (unlike the longwire and whip) 
and thus the body vehicle Carrying tne radio will have 


Mininal effect on the radiation pattern. 


— 


| 
cee: 


Figure A.1 Wire grid computer model of jeep-size metal Fox. 
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TABLE 6 
NEC data to generate jeep-size metal box 
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The whip was modeied as shown in figure A.2. 


An exauple data 


i 


is listed in table 
on the freyuencies iisted in the 


set used to generate this model 


the data was run 


~ 


wecrsicn ci 


—_ 


epdin i 


cres; 


rtles co: 


- 
= 
al 


were stored in 


tabie 8 and the fpatterns 


to the electrical length at each frequency. 
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—  t—“‘i‘=™Os 


Figure A.2 Jeep mounted whip antenna (NEC model). 


C. LCNGKIRE HODEL 


A ccmputer model cr the longwire is shown in figure A.3 
and an example ci the data generating this model is listed 
IU takie 3. 

Fased on the experiences cf this researcher the limiting 
physical dimensicns cf the longwire are: 

10° < Height < 602 
So Length. < 200% 


These transiate to the folowing electrical dimensicns over 
the HF rand. 

0.125 wavelengths < Height < 1.5 wavelengths 

1 waveleagth < Length < 8 wavelengths 
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Ls — 4 
| 
| TABLE 7 | 
) NEC data (sample) to generate Whip radiation patterns 
j 
| Gi ls 0 Oe OU, 52,000 THE WHIP 
Y = 
1 ¢ Demeter 0 000 TAPERED FROM 3" D. TO 1/72" Dd. | 
error oreo oreo.) CO1.001 UP TO FD PNT ON JEED 4 
i Aeate fren 6 is DilaGede inh stnis Locatio i 
7 S 1 FEET TO METERS | 
G 
Gum 070, 0, . 00s Peo few esSU ONS | 
Pei | Peep sOGlO4 SEGNaN I j 
FR 002070; 3.9 i 
omer 371,0,3 a , 
fh 8D)0,91,1,1000, 0,0,1 VERT PATT, 0-99 DSS EL ANGLE 
{ 


’ 


Ee ee ee ee ee eee ee Se ee eee 


| TABLE 8 
| Frequencies and electrical lengths of the whir { 
{modeled on NEC 

i 

 ————— | 
Tee 0 Bee eens 
fv eee Om 0.5755 02.50 0.625 0.75 0.3875 1.0 
1 3.5 i aaes6 15 Temenos 720.30 
| Frequency in Megahertz { 
| | 


| 
| 


Tke freyuencies the longwire can be built to operate on 
are listed in table TO BSE OF each combination of 
electrical height and length. 

Ic reduce tae complexity of the program runs, only two 
frequencies of design were considered. NOE MOngGwLEC Vdzelda— 
tions with heights less than 0.50 waveleugths ana lengths 


less than 4 wavelengths the longwire's physical dimensicas 


1 


ee ee eee ee Oe Gee 


| 
| 
| 


SSS eee ee ee eee SS EES Se EE ee ee ee ee 


| 


Figure A.3 Longwire connected to a jeep (NEC Model). 


ee enna ESSER 
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| | 
| TABLE 9 | 
j NEC data (sample) to generate longwire radiaticn | 
j patterns | 
De 

ch L= 1, 2, 3, & 6, & 8 LAMBDA 
| Ch H = .125, .250guc05, 7 opus eon 
} KG 
| cl F = 5.3 & 17 MH2 
1 CM PATTERNS: THETA CUTS OF 28 VALUES 
i cH 3 TO 84 DEGREES, EVERY 3 DEGREES 
i; CM 11 PHI VALUES 

ct TO 30 DEGREES, EVEKY 3 DEGREES | 
| Gun1 100, 0-097 ,ndesnO cree HORIZONTAL RUN 

Gc 0,0, 1.0655, .$02066,.002666 VARIABLE SEGMENTS 

GW 2236, 0.02 672-1070 4 6520 DOWNLEAD TO JEEP 

GC 0,07. 157 005, TAPEKED RADIUS 
j (Lata rIrcm 6 is placed in this 1 ee On 

GM 0,0, 0,0,0, -10,0,0, 500.999 MVE JEEP TO END OF LS 

GS FEET TC METERS | 
1 GN 2 e000 Oa SOMMERFELD GRCUND 
EX O,2 54 

Dies ioe 
i RE O,S1, 1a OO mOr Omens 


- 


me mm pe a em re mm rn i ee 


TABLE 10 


Freguency bands (MHz) for each set of electrical 
dite€nsions (#avelengths) 


FEIGHT 
L 1 ea 3 + ° g 
E geo 2 30 4—30 eo 0 wees UD 16 =30° 16-30 
N eo 3 0 4-30 6—30 Oa Ue Oe 16-30 


| 


were kased on a freguency of 5.3 MHz. All other models 
Based On a freyguency cf 17 MHz. The antenna Gimensic 
the mcdels are shown in table 11 
The cata is stored according to the foilowiugy Heizra 
Crientation cfi of boresight 
Electricai length 
Electrical Eéeight 
Vertical Cut (28 points) 
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ns ae 


| 
| 


WGLle 


pS Oe 


Pom: 


| TABLE 11 


Physical dimensicns (L,H) of longwire NEC models and 
frequencies (f) of operation 


| 

: 

| Ete C=. 

J ene , Blect r26€4at ewan 

{ ned ght | 1 <. 3 4 6 _ 8 

i L=186 L=371 L=557 L=231 b= 347 L=463 
J H=23 H=23 H=23 H=7.2 Aa 7 oe d=7.2 

| Q02.125 | r=5.3 £55.23 f=17 i-a/ ay, £=17 

j j L=1860 L=s71 =e L=251 L=347 L=462_ 
{ H=40 H=46 H=46 H=14.5 H=14.5 H=74.5 

Umi = $i © L= os eee oo £=17 t=17 t=17 =e 

i 1 L=186 L=271 L=557 L=231 L=347 Lge Cee 

j |] H=83 H=€3 H=83 H=26 H=26 H=26 

i Cote sPei=5 23) =e fae f=17 ae ==17 

3 | L=58 L=11lo L=174 L= 123 L=347 L=4¢e 

{ H=43 H=43 H=43 H=4 3 H=43 w=435 

i O ~/5 4 f£=17 t=17 f=17 f=1/7 r=17 tie 
jas L=116 L=174 eon L= 347 L=4602 
j H=87 H=E€7 H=87 H=87 H=87 H=87 

res eee 7 £f=17 f=17 f=17 f=17 £=17) 


Il=length in feet, H=height in feet 
f=Lrrequency 10 MHz Ss 
Eiectrical Length and Height are in wavelengtts 


<i te, OR ee i ee eee ee ee ee, ce, tees Be age — «ee 


i A ES - aa SI Ml 


ee ee eee SS Ee ee ne 


| 


CLC. DIPCLE MODEL 


The cnly variaticn of the dipole is in height values; 
waich are: 0.125, 0.250, 0.45, 0.75 and 1.5 wavelenctks. 
The desicn freyuency of the rodel is 9.3 MHz (logaritrric 
Bean Letween 3 and =:0 MHZ). In that the KFEC snodel CE Vere 


dipolé€ is simple, it is not illustrated in tnis secticn. 
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PALE =oGuARe MODEL 


aoe cecontmMguratrrons ce the halt Square was szodeled on 
a xtregquency of $.3 GHZ. The data producing the radiation 


pattern cf the half-sgquare is listed in tabie 12 


a a ee 


| 


f ee ee 


Figure A.4 Half-Sguare (NEC Model). 
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TAREE 12 


NEC cata to generate half-sguare radiation patterns 


| | 
I | 
| ci L = .5 LAMBDA | 
1 CM H = .25 LAMBDA 
i; Ci i 
{ ch F = 9.3 MEZ | 
i oH PATTERNS: 0 TO 90 DEG. IN THETA 
{ E : 
| GW 1,9, 0,-26,0, 6,26,0, 002666 DIPCLE 
Gi 0,0, 0,020,70.0, 26.4 moo muns HEZGHT 
| GH! oso en 0 ,6,26.4, .002666 THE VSRTICAL Dome 
| GM 1,0, 0,0,0 O26, 0) Ole moo MOVE TO ONZE END 
| GM Of. 070800 Oo=eo, 0» mone oer ANOTHER ENC ONE | 
| gs i FEET TO MEIZES 
i 
(26GN 12,0, 0,0, 10. owe SONAERPELD GSCUD| 
{ Es C2 0p Or. Cea 
Ep orale 
we LS li as } 
| REO, Sale Aloe 0. Oren 
i ] 
i 


/ 
| 
| 


Fo “Vit Lepr 


There are taree dimensions to the permutation table for 
the Vee -- height, length, and apex augie. Varlaticismes 
height and lenyth are tne same as for the Llongwire listed in 
tabie 11 Fcr each height and lenjth, five apex angles are 
considered -- 35, 39, 45, 51 and 60 degrees. A sample of 
tne data used to generate the radiation patterns for tne vee 
is listed in table 15. 

The data 1s stored according to the follwoing heirarchy: 

Apex Angle 
Ele€ctricai length 
Electrical Beagne 


Group {28 pcints) 
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/ 











@ eng a oe ee oe eee eee ee ee ee ee ep <p ap | 


(NEC Model) 


Ao Vee 


69 


MOA AOOAQ|IAAIAAANANAIANNANIANNNA 


TABLE 13 


NEC data {sample) to generate Vee radiation patterns 


M 

H APEX ANGLES: 33, 35, 45, 51 & 60 Desrn 

" L= 1, 2, 3, 4, 6, & 8 tatspn 

i H = salee Se Os Ss ea oe an LAMEDA 

x Fo = Sogesig vung 

i PATTERNS: 0 TO 90 D=G. IN THETA 

W 154277 090-0 Neco orene FIRST LEG 

c 040, 1.0688, .00z600,. 802666 

mM 0,0, 0,0,16.5, C,1,0, 001-001 ROTATE WALSAn ona 

GW 2,1, 6,0,0.) Ondo, suocoes HALF OF FZED 

M OL0. G.0°,0, 0.0,26, 901.003 RAISE TO PROPER HELGHE 
X 04010 REFLECT FOR OTHER HAIF 
: 1 FEET TO METERS 

NOG 6.0). ene oe SOMMERFELD GROUND 

R GaCsO70.. did 

x Op Aan 

On oO aan 

die Or 

SOS rr 0) Alans 


tm Cie. Esta, Ole Bate, cee Ge ee ee i Me ees ee te Ml a ee, At Os eee Sa ge ee tien, Se Gee, Oe Se. — 


coe em Se et pm mg em ee a ee ES aR 
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APPENDIX B 


COMPUTER ALGORITHM 


Ae. SUSZKCUTINE CALLING STRUCTURE 


SCRAZ 
GENERATE _NOISE=TAFIE 
CETERHINE_FIRSIT_FACTOR_ATM NOISE 
DETERMINE_GALACTIC_NOISE_LIuIT 
LETERMINE TIME_INDEX 
Si Tee LecaL fir h 
DETERMINE _SECONLZ_FACTCR_ATM_NOLSE 


GENERATZ FIELC_STHENGTH TAELE 
PATH 
RAZGC 
GC RAZ 
EMD ELOMPOGAL. Tans 
MINIMUF 
RAZGC 
QLCF 
AESORB 
CHAPMAN 
CHAPMAN_INTEGRAND 
ALJUST_LUF 
GENERATE TOA LIST 
PATH 
GCRAZ 
RAZGC 
RIZE 
MINIMUF 
RAZGC 
GHT_TC_LOCAL TIME 
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FIND SyN_FOR WHIP 
DESIGN ANTENNA 
PEcIiGCM MOGI: 
DETERMINE LW LENGTH AND ORIENTATION 
FIND S/N_FOF_LONGWIKE 
FIND LW EATTERN 
DESIGN DIPOLE 
DETERMINE _DIZOLE_HEIGHT_AND_CEIENTATION 
FIND S/N FOR DIPOLE 
FIND _DIPCLE PATTERN 
DESIGN HALF SQUARE 
DETERMINE HS DIMENSICNS_AND_ORIENTATION 
FIND S/N _FOE_HS 
FINE HS EATTERN 
CESIGN VEE 
| DETERMINE VEE _DIMENSICNS_AND_APEX_AWGLE 
FIND S/N_FOR VEE | 
FIND _VEE_£ATTERN 
MCLIEFY LCNGWIHE 
FIND _S/N_FCR_LCNGWIRE 
FIND LW_PATUERN 
MCLIFY DIPOLE 
FIND _S/N_FOR_DIEQLE 
FIND DIPOLE FATTERN 
MOLIFY HALF _SCUARE 
FIND S/N_FOR_HS 
FINE HS PATTERN 
PLCI_BADIATICN PATIERN 
FIND LONGWIRE PATTERN 
FIND VEE _DaTTSsy 
FIND DIPOLE PATIERN 
FIND HS PATTERN 
MCLIFY_VEE 
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FIND_S/N_FCR_VEE 
FIND _VEE_PALIERN 
PRINI_ANTIENNA_INSTRUCTIONS 
DIAGRAM LONGWIRE 
CIAGRAM_DIEOLZ 
DIAGRAM HALF_SCUARE 
CIAGRAM_VEE 


Be VARIABLE DEFINITICNS 


ANTENNA AZIMUTH (2) ..-e-AZimuth aloug waich each arte 
€lement may be aligned 


mj 
os 


ima 


Merenen CGCAIN{Z8) .....e«.Gain of the antenna along a vertical 


QO 


ut starting at 3 degrees acove the norizon and ending at 384 


degrees, vaiues are at every 3 degrees. 


ANTENNA EEZGHT(3)......Height of each end of tne antéuna 
ANTENNA _EEIGHT (1)=Height of halrt-syuare, z0NGwWire Or vee 
{whichever of these has peen chosen ior ceéEign). 
ANTENNA _EEIGHT (1:3)= heaghts of 3 dipoles designec for 


DESIGN _ ¢chEQ (1:3) i£ the dipole was chosen for design. 


PeeeouNe LENGTA(S3s.ce.e-Length of the antenna on three 


different design freguencies. 


ees eye ee ee. DATE (1) —Year,DATP (2)=Month, DATE (2) =Day. 
All vaiu are 2 digits. Date the link will take place. 


eee GN FREQ (3) ....4<e0--Best ireguencies {those which have 
the highest signai to noise ratio at the receiver) for 


meadgay, Midnight, and Dusk/ Dawn. 


Us 


FIELD STBENGTH (24,9) ...Received field strength in Gia sae 
outstaticn during each hour cr the day on9 freguencies 


logarithmically distriputed between 2 and 32 MHz. 


TREO AVAIL (15})3e22 eee beg uencres (the operator must 
provide) whicn can be operated on during the link. 


NASD DESC 203) seer a eee eters Height of masts available to sufpert 
the antenna Tallest tc shortest, 1 --> 3 


NOLSE (24,9) ces ecesvseeeeNOise levei in dBm at the OUTS 
during each hour of the day cn 9 Lreyuencies loyarithwmicaliy 
distzikuted Letween 2 ands 2 uz 


CPERATOR FREIQ(24,5)....The five best frequencies (thceseupaas 


the highes signal to noise ratio) during each hour ofr ofera- 


EL Oue. 

HOV RC C2) ae eregeaevc oars Location of the Outstation ae 
Tadians. RCVR (1) =latitude (negative value ==> scuth o2 
€éyuatcr) aCVR(2)=lengitude (negative value ==> west of 
Greenwicne) 


S/N_ON_ANTENNA(24,15)..The difference in power leveis in dB 
ketween the received signai strengtn and the noise level at 
the outstation on the available freyuencies during each hour 
cf the day. The calculations are based ona jarticular 


antenra at tne local station. 
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men mean coer hoy (247 io)... Teer Cacterence in power ievels in 
dB between received Siunai strengta and tre Acise iever at 
the outstation on the availapie frequencies during each acur 
of the day. The calculations are bDased onan isetrofic 


antenna at the local etation. 


fu 


tis 


S/N_CN_LCG FREQ{24,9)..The difference in power levels in 


fv 
cr 


ketween th received signal strength and tne noise level 
the outstation on 9 frecuencies iogarithnically distrituteca 
ketween 2 and 32 MHz, during each hour of the day. The 
calculations are bas€d on an isotropic antenna at the Iccai 


Sreatich. 


MOM eee cescalcceeccs ldke-Off anyle for each aour ci the 
day. Values are everly divisitle by 3. 

mit LOC (2) 60650566 52-L0cation of the local station in 
radians. XMTR(1)=latitude (negative value ==> scuth of 
eguatcr) XMTR(2)=lcngitude ({neyative value ==> west of 


Greenwicke) 


ANTENNA CHOICE.....--2.Antenna chosen for design Ly the 
operator. 


Il 
il 
V 


longwite 


il 
il 
V 


dipole 


hali-s.uare 


= WW hh = 
iT tl 
tl tt 
Vv Vv 


vee 


ANTENNA_NAME...2......--Name of tne antenna chosen ky the 
operatcr tc be desigied. 


le 


ANTENNA SITi_LENGTH....i1enyth in tect of the Local rareueee 


antenna €itée in tne cdaracticn SEVEASC Cee er 


ANTENNA TOA... ..se-eee.0eSt taxe-ort angle {angle eile ee 
horizcn) at which tke antenna wili be designed tc fae 


major loke aligned with) at tne time or dawa. 


FALUNS .sceensecesveseveetliag tO indicate wWwnhetie: gm 
raluns or transforzers (transmission line to antenna 


matching dévices) are available. {1=Yes, 0=No) 
COAXTAL_CABRI1ec LENG IH..-Length of coaxial cable aval tage 


CLAW NewececcvcecvvececceveslIMe OF tLanSiElon setween 1 
day frequencies 


DUSK « eaesecccsecvceceseas time ck transition betweenmey see 
night freguencies 


FLUX. ccc eves we eves ese !0.7 Ch Piux, decanter 

MIDDAY. ee eee ee ee se eee time halfway Detween DANN Vance 
MIDNIGHT... 2.2 cee055e02-11Mme halfway between CUSK anew 
MODECCE TRANSNHLSSION. 321i) or Byowreec 


NUMBEG_OF FREQS_ AVAII..Number of freyuencies available to 
the creratcr for communications duriny the day of the fis 
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Peeve lel ANGLES 5-.-.For ilongwire and vee--> Angle Fetween 
XMTR_ACVR_AZIMUTH and ANTENNA_AZIMUTH. per darole. and 
Rhalz—-scuare —--> variation from antenna azimuth the antenna 
can ke criented befcre depreciable losses of performance 


will ke realized. 


css. cssss5--.bandwidth of the receiver in KHz 
(default is 3 KHz) 


RCVR NAME. cece eo wee ee eee Nae Oe the Outstation in 5 
Characters 


Peel ces sess eeseseseF lag to aundicate whether or not 
Terminating resistors are available. (1=Yes,0=No) 


Pye LiME oe. we eo ee wee Lime Oferations will begin, 2 digits 


Pelee tIME os eo sees ee eee iMG Operations will terminate, 2 
degits 
TYPE CF _ ANTENNA WIRE... 1==>Copper/Pnaosphur Bronze, Q==> 
mo 1/iT 


Seer FOWER .e- sc osese esekated output power Om tne 2oca. 
Staticn radio 


We LENGTH... ...266--s-Length of wire available to ccnstruct 
the antenna 


a 


XMUPR ONA MES sicciets ots's a aera aut of the local “Std waren 5 
characters 


AMTR BCVE_DIST.........Distance in Kitenercrs 


XMTR_RCVR_AZIMUTH.....-Grid azimuth in radians TiLomeeee 
local staticn to the cutstation 
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ANTENNA _CLESIS#_ZNFO <-- DESIGN FREY, 
Bomeectsicht, S/i_ON_AVAIL. Rey UA; 


eye AN ee, 


ite Caclos, 
Y 


MAX LENGTH, ANTENNA_TOA NUMBER_OF_FREQS_AVAIL, YPE OF 


ANTENNA_WIRE, 
ANTENNA _CCNSTRUCTION INFO <-- 
ANTENNA _EEIGHI, ANTENNA_LENGTH, 


ORIENTATION ANGLE 


19 


ANTENNA AZIMUTH, 


(SNVIQVY OL STIVOIT LRTANOD) 
TCNLIONOT FNANT 
TGNLILVYT LNdNr 
(TATLVOGN SI HOIMNASYS JO ISIM TANLIONO) 
(SAILVOIN SI YOLYNAT JO HLNOS FANLILVT) 
(JONTIONOT GNVY FJANLILVI YLwx Lay) 
TWWN ILHY LNANI 
Od ONZ 
(I) TIVAY OFT BNANI 
TIVAY SOUVI JO YAEWNN OL L --> I FOI oO1 
(St JO WOWIXYW *L JO WAWOANIW) TIVAY SOTYI JO YATGWON IN ant 
wINONu = SIWYN NOILVLS YO un VOGAIYn = NOTLID AL 
IT Ng 
SIN YN NOLLVYIS BNeanr 
w °TNON UTINGA ISIXT ION SICH YNXIT Yod ATIA FJdVL IIn LNaINO 
(ATII WOW SAWWN 
NOTLVISILNO CNY NOILVLS IVOCI AG GAZINTIOVYVHD SMYNIT JO LSIT) Indo 
| NTIL wid¥Llu = NOIZd) Jr 
(CUYOUATY YO JdVL) NOILdO LOANT 
wcQ3YYORATM FO AdYL WOT AZIIVILINIn INILNI 
(§$7GO0h8 Xa "SzRTHTD xTS wI) (Ett) ALYd LNANT 
(STd.IMeTeT YUTT O9ZTLTeTRITUYL) 


NOISTA WNNAENY GIGIV ATLNAGNOD WHALINIOTY 25) 
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SOAOTAAD 2S9Y] ~EaTAPTTePAR STOYSTSSI FeO CN9 AO OOE FAVn LAILNO 
(SSOTAIN SuTugzenm euusjzue TO AATTTGeTTeAP ANOGe VOT yerajaosUT 4a) 
H2HOd OTGYS LNAINT 
(L4TI COOL JO WNWIXWWN LA34I OS JO WNWHINIW) HIONAT ANIM INANT 
(00nZ AWIL dOLS “LOO = AWIL LYVLS 
MHLNI GINCUS YOLVYTd)D FHL “’MOOTD FHL CNNONY NNY OL SI YNIT 4I) 
(T¥YDOT) JWIL dOLS NANT 
(TYDOT) INIL LYYLS LAdNI 
Od ang 
(uOu SHTINT YOLWYIdO JHL AZTAVIIVAY LON STI LSYW 
GHTHL dI “927 tl SI LSYW INODYS ANY FISUIA FOI LHOIAH WOWIN IN) 
(I)LHOIZH LSYW LIANI 
€ OL t--> IT yod od 
(ZEY € OL LINVAIG) MA YADT LNANT 
(O9€/TI «x Z) & AONIIONOT --> (2) DS0T YADH 
(COE/Td «x Z) ¥* TINIILYT --> (L)O0T TADY 
(SNYITQGVH OL STITNOTIC LYATANOD) 
TONLIONIT LNAnt 
TaNLILYI LNANnt 
(JQNITONCT GNY ZAONLILYT YADY 1T9) 


QINWN TADNY LNANI 


(O9€/Id x Z) x FAANLIONOT --> (Z)D.0T SEWX 
(O9E/Id =x Z) x AANLILYI --> (t)d0T HINX 
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uNa = UIMSNY TIILNA od 
NZHL wkuw = YAMSNY AL 
YAOMSNW INANI 
aN csrs ouUerel MUTT Ous 2bpo ef YStm nok Oda JAI LND 
II Na 
(OOS ONTPA XYN) HLONST FLIS WNNALVY LNdNni 
wo (YRNTTZe 
PTIS} yn HLNOVIZY wOUOTe YRHuaT 9zTS euusque 34 T3IUTw LNdINO 
((Id « Z)/09€) « HINWIZY WADP VINX --> HIAWIZY 
(sosazTHban 03% YnNTZe ueTpeI }yIaAUO]D) 
(HLOWIZY YAONY YLWX “LSTA YADY ULWX +23n0) 
((Z2L) 00T VAOW 4 (Z2L)OOT MLWX UT) 
Z¥II9 TTWO 
TIMOd OTQUH LNINT 
(OLL ST SNTRA BINeTSp *xnTF TS 2°OL) XNTIT LNANI 
(9ataraddo. Io azuorzg anydsouq = | 
“TI/L-GM = 0) AYIM WNNALNY dO JdAL LINdNI 
HLONAT TTAYD TVYIXVIO LNANT 
(ON = 0 “SOX = L) NATYG LNANI 
ec Ol[TeTreaAe TaWIOFSueT}Z 20 uUnTeq & ST, ENALANO 
(ON =" = Soke = |) (S301 Sihoe ta ano 
n° TOMOd JO SIEM, 
c/YTIMOd OLAVY n SPAT 32 dzedTSSTDP OF 9Tde oq 3S 
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(-satouanbary 
STTeTTeaP Sy 07 dn wo N/S ay YUuSesamadarI 92 pafueys are sanTeaA ay 
ssso0rd HursoTToy 37} UL *7ZE pDUe Z UaeMNZOG paynqtastp ATTeoTMYyTAeAOT 
Satouanhasar JOT 3o1yY OFYA NOT NO NZS KeUAAP GEXHZ UT sontTea ayy) 
(OJYI OOT NO N/S TOIT BINT TIVAY ND N/S A 2eTHOTeD) 
od aNa 
Od Na 
(ce?) ASTON - (r’T) HIONYYLS QWId --> (r°I) Oru DOT NO NZS 
6 OL L --> £ 40d od 
h*Z OL L --> I yor og 
OF4T SOT NO W/S OFUT ASION pue HIONAYLS ATWIdA outquoy) 
((6°L°nZ°L)HLONTSES GTIIT +230) 
((Z2LJOOT NINK “°(ZSLJOOT HADN “HAmMOd DJIGWY “TIVa 2urt) 
ATAVI HLONTNLS ATIIdA JLWYZNAD ITWO 
((62L’nZ2=L)ASION 2300) 
((Z°-L)D0T TAON “’AIVI FUT) 
TTAVL ASION ALVYANTIO ITVS 
aI ONG 
Od Na 
YIMSNW LNdNI 
N/K ~ESTaZeuertel Yayyo Aue afueus oF usta nok Ody LNdIEAo 
(efre TS 02 SauSTM JoZeTado ayy Faz,ouered ynduT) 


(stazOUeTed TTe 3STT) 
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pue yyuftuptm “Aepptum sauty 907U2 IO youd AOF satousnharazy ub tsap sautm1z339q) 


(VOL WNNGLNY ’(est} O72 NOISHaG +*3N0) 
(TIVAY O4HA °AIWTL COLS°IWIL LUVIS “YOL ’OaNT SOT NO N/S tut) 
STIONINDANWT NOISTIT ANIWNSLIG ITV) 
((mZ=L) YOL  °3n0) 
C((c)atyvd “xatd “(ZL )90T TIWx* (2-) 007 Vhs eee 
ESIT SJIONY ddO FIWWL FJLVWYANIO ITV) 
od CN 
od (Na 
II Ong 
OJ aNg 
(I - c’s)3guNa SOT NO NZS + ((% - £’y)SINa OOT NOD NSS 
- (t - £’Y¥)Od9d DOT NO N/S) xYOLOVA NOILYIOdY FINI 
--> (I) 4341 TIVAY NO NZS 
hZ OL t --> Y HOI OG 
(2 ROMGNGAHT - VY AONANOANI) 
/(q KONANSAMA — (I) TTIVTIVAY OFNd) --> FOTOVA NOI LYTOGYIINI 
(AaTqeTtPae SatouaeNnbary 3} 1O OTZET N/S puTI 02 33 eT TOdNI93UT) 
WV XONGNOAYA > (I) TIVAY O9NA II 
(txaZ) IYOS --> WY AONANOITYA 
(Ui tlc) Duos == > amon a moam a 
OL OL 2 -—> £ FOZ OG 
ATAVIIVAWY SOUT JO YAIGWNN OL L --> I yor od 


84 


(L)OGYI NOTSIG wutk¥du LNdINI 
wut NOITLYYIGO JO STIONAINOTIT AYWWIYdu INAILNO 
LSTQ YWADY VIMY uw SSHNOILVIS NIAIMLAG JONVISIGu INILNI 
GWYN MAOY “IWYN YOMY xnINIIMLAG SISATUNY IWLLINIn INdILn) 
nweuueyuY-uhTSsoq,y, = NOILdO TIINN O77 
(UNNJINY NO N/S +*3n0) 
(YOL ’Oa9ud TIVAY NO N/S UT} 
(WNNTINY NO N/S “VOL “AGNI TIVAY NO N/S) dIHM YOd N/S ANIA TIWD 
II Nga 
L --> (5°27) WNNGINY 
(QT™mq sa ued arenbs-JtTey pue astodtq) 
NIHE (1) LHOTEH ITSYW < HIONAT FTIVD TWIXWOO JI 
JI ANG 
II Ng 
L --—> (h) VNNIINY 
(atTqtssod st 3a) 
NJHL O < (€) DHOITH LSYW ANY 
(L) SHOIGH LSYW < HLONST ZTAVD TVIXVOD CNV 00h < HIONAT JUIN AI 
L --> (L) WNNGLNY 
(atqtssod st artsabuoT) 
NGHL 8€ > VOL euUaquY pue 
007< HLONAUT FTHtmM ANY OOZ < ((L) LHOITH ISWW - HIONAT JLIS WNNAINV) Jr 
(spotisd umep/ysnp TOI yoL 38seq seuTUTaYsp pue “uMepP/ysnp 


85 





(OJNET NOITZINYLISNID VNNALNY <*EN9) 
(OINI NOISTQ WNNAINY <NT) 
YNNTINY NOISTG TTvD 

od aNq 


JI CNG 
Y Crean @ 
NZHZL w3AStT VOL 3UTIdy = NIILGD JI ASTI 
YNNILNY NO N/S LAdInNO 
n¢TymM St adxky euuezuyy TNdLNd 
NIHL wOTCeL N/S 3UTTIy = NOITLdO AI 
NOILdO IN4anI 
weddaquy adbtsed, INzTLN9 
u3STT aThuy JIO—-oyeL ¥UTIdw INIINI 
weuuojyuY dtuy FOF aTqelL SeSTON O02 Teuhts 2uTAdy INALNI 
>STOTICQO FO NUN, INILNAI 
nOPAn INdINO NAIHD Lb (mh) WNNOINY AF 
n9TeNHS-ITeHy LATINO NAHI L (€)UNNZINY JI 
n2TOUTdy INdINO NAHI tL (7) WNNAINY JI 
wOTTMHUCTy, LNdINO NAHI L (L) WNNGZINY JI 
ut LTING JF NWD HOTHM SYNNASDNVYa LNdLAO 
HIMWIZY utn FNYN NOITLVIS TYDOT uw WOT HLAWIZ¥n INILNO 
(€) Oud NOISTG wiNMYC/NSNGw LNdino 
(Z)Cay¥d NOISTI wi LHOINe INdrno 


86 


(TCTQ VADY ULWX “HIMWIZY YADN YLWY 
‘SGadd TIVAY NO NZS “VOL “SHIM UNNTINY JO @dkL “°TIVAY OTT curt) 
TIOdId AAIIOW TIVO 
NJHE Z@ = GDIOHD WNNGINY JI @STa 
(OANI NOTLONEESNOD WNNATINY *°3N20/UTI) 
(LSId YAOW YLNX “HINWIZY WADE YLWX 
*OaN2 TIVAY NO N/S “4¥OT “SNIN UNNGTNY JO AMAL “TIVAY O39] <ul) 
TYIMONOT AAIIOW ITYO 
NdHZE L = JOIOHD UYNNGALNY JI 
»euuaqzuY AFTOOWNn = NOTLdO JI ISTA 
(OINI NOITIONULSNOD WNNIENY *3N0) 
(OINI NOISHG WNNIJLNY =urT) 
VNNGINY NOISSC TID 
weumojJUY uftsod, = NOIId) dI 
NOILdO ENAINI 
woVOTA MOD SS3D0Idy LNALNO 
nXTOTZPUIOTUT UOTAONSAASUO)D HEU UsAU Yer tacie ena cn 
GWYN WNNUINY nO UlAzzZed UOT eTpey 4OTIy ENITNI 
GWYN WNNALNY wAFTPOWN Ind LAD 
THVN WNNALNY nwJOJ ATQeL ASTON OF TeIHTS YUTIIn INILNO 
neudaquy abtsedy, LAILND 
uSuoTzdg FO nueqy, CAIDAS 
noVeTdMOD ssad0Idy = NOILdO TILNN od 


87 





(TOIOHD YNNALNY 
"HEUMWIZY GADE UELRX 
*ANTL LYVLIS 
“ULNWIZY YNNTINY 


miSnaethog WX 
“AWYN TIWY 
‘AIM NOTSIA 


chin aOLs 


“HLONAT WNNGLNY 


NOISIG WNNAUINY GQAGIY UYZLNAWIO INA 


Od CNi 
JI ONG 
"TLV “TIVAY SOSSI JO UAAWON 
“DOT WADE “INWN YAOY “SOOT ALEX 


“7NNILNY NO N/S 
“LHOIGH YNNXTLNY curt) 
SNOITLONYLSNI WNNAINY BNIYA TIWD 


“TY Avo ct 


NAHL wSUOTPONAZSUYT PuUudzUY FUTIdy = NOILdO JI AST 


7HLNWIZY NADY NLWY “HIOWIZY WNNZINY “HIONTT WNNAINY “ZLHOLUN WNNZINY 


“Cava TIVAY NO N/S “VOL 


pomag TEYAVENO U7So’ YOu ° ou 


(OANI NOILINYISNOD WNNIINY 


“THUIM WNNAENY JO AAXL “VIVA OFA 


(NINT NOILONNYISNOD UNNI INY 


IM WNNAENY JO FALL 


(OZNI NOILINYLSNOD YNNAINY 


(VOL “TIVAY OFNd “TOTIOND WNNZINY 
2 Udy 
NHYAXTLVd NOTLVYIGWY LO TIVO) 
nUI533ICd JOTdw = NOFLIdO ALT asia 
>3nO/UT) 
7HIAWIZY YADY ALWX 
Sti) 
TIA RATION TIVO 
ASTI 
saNO7UE} 
“HLOWIZY YAOY NLWX 
“TIVAWY OFYI ur) 
AYWNOS ATWH AALIOW TIVO 
NZHE € = JDIOHD WNNGLNY AI ISTa 
>3nO/UT) 


NGHD 


(LSIG YADY ULHYX 


(ES TG eh os Ue 


88 


NIETJ ZL = HENOW YO Z@ = HINOW YD L = HLNOW IT 
(xSpur uwoseas put q) 
THd - Id%Z2 --> FANLIONOT LSaM 
(JQNLIONOT LSIM OF THd F#19AU0D) 
II dNngz 
(Z)D0T YADY --> IHG 
ASTI 
(Z)D0T YADY + IdexZ --> IHd 
NZHL O > (Z)99T YADU AI 
(apnzTHbuoT 2ASsauogd) 
((L)90T HYAOY) SAY --> VLAHL 
(9PNITZET FTSAUOD) 
(suetTpel zeTtod O27 JIT YWADN-3279AT0) 
nUNOTUTH-TSeENOy --> TTAXTT ASION WW 
NIUE »wUMOUYUNy = TYATT ASION WW AI 
THATI ASION WH LAANI 
nu UMOUXUNw LAILAD 
ywUNUTUTP TSeNH “Teany FoOtTnNH “TRANNY LNALAD 
uTeTPUapTsay ’ssautsng/preo0oqiItTys, LNILND 
uTOAST SSTON OPEN UPY BSOOUD, LNIIND 
(ASTON =5N0) 
(DOT HLWX “MG HADN “HENOW ’°DOT SADN “XNTI <=NT) 
TTAVYL ASION TLVAINAD ANILNOFAINS 


oo 


YO wePFroddtSy = TAIATT ASION WH II 
(Y3pTapueq ZH L © ABAO eUUazZTe TeRDTRIABA 
ZFOUS LP TOT oBSTOU ApPeY—-uUeWN UeTpoyW 
(aSTOHN ApeN—uePyY > PeTNIOTeD) 
(hIexZ) LOS --> AONTNOII 
OL OL 2 --> tI wor oa 
(Fovanheaz yoeo TOF ISTOU ouTMI3d39q) 
(LHD OZ “OL *CL “8 9" 90) ee ez eee 
astou otzsydsouqyy = (921) STON WIV YOLOVI ISHIa <*5no) 
(CW “LH “S3QNLIONOT SIM “VYLOHL “’XSQNI NOSVYES =NT) 
ASTON WLY YOLOVA LSYId AINIWYALAQ TV) 
L --—> SH 
G --> LH 
(ATuo uoseas ay} FO woT}OUNF e ST WOT STI 
-FSION WILY HYOLOVI LSYIA ey} purty) 
aI Na 
fh <--> XTINITNOS WIS 
ISTI 
€ --> XZONI NOSWAS 


NTHL § = HLENOW YO £4 = HINOW YO 9 = HENOW JI STA 
Z --> XIINI NOSIS 
NSHL S$ = HENOW HO f = HENOW YO € = HINOW AI ISTIZ 


lL --> XZJQNI nosyas 


90 


0 --> AISION OILIYTWO 
dS Ta 
(XONANCTUA) SCTXEZ - TG --> ASION OILOVTVO 
NJHL LIWIT A@SION DILOVTYS < XONANDANT IT 
(TIVE elS hel Deis vo” == Lhe) 
(SZCNI NoSWaS “xnTa(Z)TLVI = =NT) 
TIWIT ASTON OTLOVIYS ANINYALIG TIVO 
ZpTapueg ZH | e& AASAO 
uaazos punorf Bbutzonpuods AT Ios9yIA97 
er AAOAP ASTOCTP DTIJDSTS TeRITWAASBA 
3Zareus e 3ZCOXF AaSsToOU DTROPTeHh ueTpoy) 


(OSTON OTZOPTEO FETNITED) 


JI ONG 

09 + (XONTNOTNT) SOT*L°LE- --> ASION WW 
ISTH 

9°EG + (KONTNOTNI)OOTx9°BT-— --> ASION WH 
NJHL wTPINY FOTNOW = THATT FSION WW II ASTA 

T°L9 + (ASNTNOGYA) OCTxL"LZ- --> ASION WH 
NIHT wTPINYn = THAT ASTON WW AI ISTI 

G°7L + (XONTNOTNA) OOTeL°LE- --> AISION WH 
NIHL wTeTIUSPTSSYy = TAIATT ASION WH IL ISTA 


8°OL + (XONANOTYWI) NOT*#L °LZ-— ——-> ASION AW 
NTNL wSSeuTSNGy, = TTATT ASION WH 


i 


.pueq ZH L FeAO OF ¥Y Saoge gp) 
C(L°O*xASTON FCWH NVW) «xOL + (EL °O*xESTON OILOVTVS) exOl 
+ (L°O%x6V) «x OL) D0TeOL --> (hI’INIL TWOOT) ASTON 
HOLOVd NOILVTOGUTINI« (GY - BY) + 6Y -—> 6 
ASION WLY YOLOVA GNOODTS --> BY 
(JSTON WLY YOLOVA GNODTS +*INn0) 
(YCLOVA ASION WL’? XFIQNI AWIL “XONTNOAAT °WLAHL ’XAQNI NOSWIS <=NT) 
ASTOK KLY YOLOVE GNODTS --> 6Y 
(JSION WiY YOLIVE GNODIS *5N0) 
(4ODOVI JSTON WLY ‘L XSQNI AWIL “RONANOTNA “VLANL “XAGNI NOSWIS ¢=NI) 
ASTON WLY YOLOVA GNODIS ANIWYALIA TIVO 
IWIL TYOOI =2n0) 
((Z) D0T YLWX ‘EWS °=NT) 
GWIL TYIOT OL LAD TTeD 
TLVTOUYSINI « (bh XZOINT JWIT) ISTON WAY YOLIVI LSurd 
- (% XTQNI AWIL)ISION WEY YOLOVA IST) 
# (Lt XQQNI FJWIL) ISION WLVY NOLIVA ISYIA --> YOLIVA ASION WLY 
(YOLIVA NOTLVIOdUTINI °2 XVQNI AWIL ’t XTQNI AIWIE :ano) 


im 
2, 
= 
© 
‘Z 
btn 
r= 
i 

+ 


(LQ  =NT) 
XTONI AWIL ANIWYALIAG TITVO 
€I --> IW9 


02 “OL, Wa -—> sel seg 
iI and 


Od 


O2 


(OF + 


ITAVL SSION ALVYANTD AN 


NYQLAY 
Od GNd 


Od daNa 
(uqp 03 OL Y sAOqe ap FoI ysnfpe OF pseu TTS) 


(ZHY UT TAPTAMPULA WATaA.aY 34} IOJT JuNOoDDyY) 


(4a SADT) OOT#OL) + (HT’°SHIE T¥YDOT) ISTON --> (hI’INIE TYIOT) ISION 


15 


TISION OILDYTVO ANIWNALIG ANY 
NYALAY 
II dONa 
(n’€) 79 --> LIWIT AJSION DILDTYD 
ASTI 


YOLIVA MOTLVYUTIOGNILNI « ((XRONT NOSUAS’ HN) ZOD - (XFQNI NoS¥IS’EN) Z9)) 


+ (XTQNT NOSWIS ’hN) 79 --> LINIT JSION DIIOVIVS 
(lpn) zs ~ (end) 7s)/ (pn) 7S - xnta) --> YOLIVI NOLTIYTOGIIINI 
L - €N --> tN 
NHL tf > €N GI 
Od ANG 
L + €N —> €N 
(EN) 7S > XQOTA TIINA OF 
0 --> €N 
TOE “O9OL “7OLt “OL --> (Hebdzs 
(spToyseryy XNTI = 7S) 
The 9b. Ol “2 Ol “E°EL  “e7Gl. Gl "Ct “Ol °C °CL “CEL ==> ht beto 
(queotytubts =o; eS VOU STI0eCTeS YOTUM BDAOTL satouaenbary = 79) 
(LIWIT SJSION SILOVIVD 500) 
(XTQNI NOSWIS ’XNTA “HLNOW <=NI) 
TIWIT @SION OIIOVIVD INIWNALIG ANILNOVENS 


94 


L --> @ X3JQNI FWIL 
NIHL 9 < 2 XHQNI AWIL JIL 
Ll + — XYTJQNI SWIL --> Z XTQANI IWIL 
(p + t/IWO)LNI --> L XSQNI AIWIL 
IS TA 
0 --> HOLOVYI NOITLIVTOdYAINI 
ZC --> © XFQNI IWNIL 
lL --> L XYQNI FIWIL 
NZHDL 2 = BWOD JI 
(n7(0Z - LWD) --> HOLOWI NOTLYTOdYAINI 
(L--> Z@ XHQNI GWIL *9 --> L XSQNI QWIL 2 > LHD > 02 
( E 
( : 
i 
( p/(h - LW9) --> YOLOVAI NOILVIOdUYAINI 


bn i ee 


( -€ & XHQNI ANIL *Z & XJQNI AWIL *°8 > LWOD> ft 

( h/IWD --> YOLOVA NOITLYTOduaINI 

({ --> @ XHQNI GWIL *t--> | XAQNI AWIL ‘th > BND > 0 ) 
( Serio at 1) 


(ButTMOTTOF oy OF HuTpAODDe SaodtTpuT 37T} SuBbtTsse sutynoy) 
(YOLOVA NOTLVIOGUSINI ’2 XSQNI AWIL °L XSQNI AWIL Eno) 
(IHD = =NT) 

XTQNI GWIL INIWYILAIGC INILAOMINS 


2D 





\O 
oN 


XJQNI ANIL ANINNALIGC ANT 
NYNLAY 


IT ani 
h/7((b - b XUQNI”SNIL) xh - IND) --> TOLDVA NOTLIYTOAYAINI 


(VIFHE)SOD --> ZL 
(VISHDINIS --> Ef 
GW --> OW 
CI4LHxZ --—> Gd 
(2tL “LEIL) Za OTT mIIF yNduyqT) 
(ZT4#LI @TTJ 332eD07T) 
9 OL L +-> LI HOI 


(ITeyJ TOI $7Z-02 pue JsewMNs 


TOF 6t-te “Hutads Joy ¢,-e@ “’ISyUTM FOF f{-7Z SAaTTy eyep woIs osTou ure}o) 


(GW 


aatee 


LS Sse! 
qS$W¥O ING 

Gilera => oc lL 
=f 

Baar 
=e 

Env=S> ck 
-¢ 

[. ==> 761 
-L 


JO XTJQNI NOSWIS ASWD 
(ISION WLY YOLZOVA ISHII -=4ENo) 
“FJGNLIONOT LSIM ’YITHE “XAONI NOSWAIS <=NI) 
TISTON WLVY WOLOYA LSYTd INIWYILAGC INILNOYaANS 


oT 


(c)og 


* 


(QQ o+¢ (xe) nd + (c)ed « (7 * Z)nd + €5 --> ES 
LH OL L --> ¢£ Hog 019 
Od UNg 
(hk - ™)92 x S + (1 - IT) LIehD --> (Dla 
(L - Etat x fS - (1 - I)9d aD --> (Dood 
LH OL Z --> I Od O79 
hs --> (L)La 
(JGNEIONOT LISAM)NIS --> HS 
1) --> (L)934 
(JOQNLIONOT oSaM)SO09 --> 49 
(L) had --> €S 
OW --> GW 
od ana 
€S --> (I) ta 
Od GNZ 
(PxeZc) « (LMaxx€L) « (¥’°I)Z7G + €S --> €S 
lL -¥M--> LY 
GH OL L --> ¥ Hod oa 
L --> GH 
NIJHL OL => I dI 
9 --> €S 
(C/I) INI --> Le 
Gl Of L --> I yod od 


23 


ASTON WLY YOLOVA LSYId ANIWNALAG AN 
NYOLIY 


od Anz 
€S --> (LI) USTON WEY YOLIVAI LBSUYTI 


Od ONT 


oo 


IST 
hd + €d*€9 --> FTSION WLY YOLDVA ANODIS 
Od aNd 
JI Na 
h/ (Lt -— (€4%x%x7)*8) --> EX 
hd -— (€d - 2) «GY --> €9 
NHL SL°O- = €X JI 
Od ana 
(LE°L+I) 64 + hdx€X --—> td 
(LL°T)64 + €dxEX --> Ed 
£OLtLt —--> I Yor oa 
0 --> 4 
6 --> €1 
COL t --> £ NOT OF 
GL°O- --> €X 


L XSQNI QJWIL --> LI 
(XONTNOAFA) NOT --> EF 
NUHE Of > KONANSATIA IL 
(7LiL “ht tt)6d ATII TZaVL WOU LAAnr 
(XZQNI NOSVUS+G67) OTTA 3322507) 
(A4SION FLY YOLOVI GNODIS -=LNO) 
(L XUONI AWIL ’XONATNOTRT °VISHL “XSQNI NOSWIS <=NTI) 
TSTON WIV WOTDVI CNOOTS INIWYILAA INILNIIaNS 


100 


ASTON WILY YOLOYE INOOIS ANIWNALAA INA 
NYOLAY 
II ANG 
OL- --> ASION WLY YOLOWA aNooys 


PO 


“MADDY WONT WY OOOL SZLYNIGYOOD “HINY ROW WY OOOL SFTLYNIAGIOOD 
“LNIOGGIWN STJELWNIGUOOD “ISIC NYIGWUY YADY NYINX ’HINWIZY NADY YLWX %INANT) 


IOT3 IIwW) 
(INW <*%*LndLn0o) 
(NSS “HINWIZY YLWX YAOo (oc - Peon ies 


mueroanr Genx ~(2=1) 3LVd “STCHNIN “NNO YISTA NYT Gve sade eet oe 


INWINIW TTW) 

0 --> JLIANIW 

IWS --> 4NOY 

(AWIL IT¥DOT <*3nN0) 

({Z }D0T FLNX BNO) 

TNE G TYO0E (01 En a 
hZ OL L --> €I HOI og 
LOOO™ --> XNMTT AWE X 
(3atTNb 02 XNTF 39S) 
(YLAWIZY YLWX YAOY 


“MADDY WOIT WM OOOL SALYNIGHOOD “HYLWX WOYT HWY QOOL SILYNIGIOOD 


“INIOdQIWN SAILYNICGYOOD 


“ESIG NYIQVY YADY YLWX “HENWIZY YADY YLNX *25N9) 
(ODOT HADY “DOT NEWX <=NTI) 
HIVd ITV) 

S°L’hZ:t)HEONGYLS TIFT *1Nn0o) 

(DOT HINX ’DOT HYADN “’HIMOT OTGVY “ILVI :=NTI) 

ATAYL HLONAYLS QUIS TIVYINID INILANOYANS 


102 


(O62 * EZ7-AISE°L) DOT#OL 
+ (L- fT ’°ET)HLONANES ATAIA --> (Lh - hHI’ET)ALONANIS IJTAZIA 
(Oly gp oF 3snCpy¥) 
((Idxt)7Z7xa HL ONT TIAVM) OOTXOL + (Idx0tZ) SOTH#OL 
- (L- tI’eT) HLONTYIS GT3Id --> (1 - HI’EI) ADONAYLS ITAA 
(ePuUuazTe o9tTdor}zOsT UTM gndut AOR TODV0d, OUF) JEPSA Tee eres zsnCpy) 
(Jxx€ I + CTaxtd) 
/ (oe «x (Zxetd) - t) « Gd) --> ( - hI’ I) ALONAYLS ITATI 
(paaATaNaT YRHusTYS PLAaTF azeToTeos oF wotyenhs s,3aptoqueq os) 
Cxe (fhd/0I) + Zex (hd/edq) --> 9¥ 
KONGNOTYA --> Od 
andy --> td 
INI --> €4 
HLONSULS GTIIA JOVdS AgGuy --> Gd 
ISTO HADH YLPX/ (YTMOd OIGVH) TYOS x OOOOOE) DOT * OZ 
--> HLONSYLS GTIIAI JOWAS Iyud 
SNIQVY HEYYT « LSIGC N¥YIGVY YAON YLRX --> FINVESIG YADY YLWNX 
JOW > XONANOGII > ANT AT 
(hIxxZ)L"0S --> KONTNOT 
OL 0% Z@ --> tI worl og 
LLE9 --> SNIGVA HLT 
(INT *LNdLNo) 
((Z)TLVG “HIAWEZY YLWX YAO 


Os 





~—T 
= 
e— 


TTAVL HLONTNLS ATSIA SLVYAINAD ANA 
NYOLIY 
Od INI 
od Nz 
aI ang 
O --> (L - HI*°OWIL TYOOT) HLIONAYLS ATATA 
ASTI 


LOL t --> OI YOI od 
(YADH pPUe HYLRXY au U39MK 400 uzed ayy Awote szutod ¢ 3e JNW purTg) 
€I --> FWIL 
nf OL L --> €I YOU o17 
(Id x G°L - HEMWIZY HADI YLWNX)SOD --> 99 
(VINX WOH WM OOL SG@YOOD *LND) 
((LWX WONT WY OOL FJONVLSIGQ NVYIQGVH =NI) 
DOZYA TIVD 
G69SLO0°O --> WY OOL AONVLSIG NVIAGWY 
(HLOWIZY YLWX OL WY 0007 LNIOd “NN 0007 ZSIQ NVYIQGWVH -:3no) 
(YEQWIZY WIRY OL WY 0007 INIOA ’NN 000Z SaHOOD <NT) 
DOZVU ITY) 
T6ELE°O ~-> WY 00072 BSIG NYIAVY 
SNTQVH HLYVA * LSIG NWVIGYY YAOY YLWX --> FZONVESIG YAO YINX 
(HLNWIZW HLWX YADT 
“NADH WI WY OOOL SAIVNIGVOOD “HIWX WOYT WY OOOL SALYNIGIOOD 
“INIOdGGIK SALYNIGHOOD “LSIG NVIGYY FADY YLWX “HENKRIZY YAON ULWX *LN0) 
(SOT YADT “°DOT YIWX <=NT) 
HL¥d ITW) 
BLEOO "OZ (8ZL°0 -— ((XNTI - GL°E9) *9SE00°0 - ES °O)LTYOS --> NSS 
((m#Z°L)WOL <*3n0) 
(JLVQ “XNTI “DOT YADN “DOT HIWX <=NI) 
ELSIT VOL TLVYINAD ANILAIYANS 


105 


(XFTOd LY FJHIL) INI --> ynow 
hZ + INTOd LY FJWIL --> INIOd LY AWIL 
NJHL 0 > INIOd ZY AIWIL AI 
pC - INTOd LY SWIL --> INIOd LY AIWIL 
NAHL 2 < INIOd LY FWIL JI 
9D*x(L - OF) xLGxEGLCOO0" - AWIL --> EINTOd LY WIL 
TONVISTAC YADY YLWX --> LG 
LOL t --> OI FOI og 
0 --> WNS LHOIGI 
(QADT Pte UTAX waesqeaqT yyzed EuotTe squtod ¢ 3e LHOIGH HAAVI 2 pura) 


Od dna 
inW --> (OI) INIOd ISHII LY ANnW 
(ION ?°r00) 


(NSS “HEOWIZY BLWX OL WA 0007 INTOd *“(Z*L)UILHX WI WY 000Z SayoOoD 
“SOT WEVX “(Z2L)ALVG “TINNIR “YMOK “HY OOOZ LSIQ NWIQYY <NI) 
JNWINTW TTIYO 
09 « (YNOH - LNIOd LY SAWIL) -->SENNIW 
(INIOd LY AIWIL)INI --> YNoH 
17 + ZINIO@ LY @WIL --> INIOd LY IWIL 
NIHL O > INTOd LV AWIL AI 
NZ ZNICd LY JWIL --> INIOd ZY IWIL 
NHL 2 < INIOd LW IWIL AI 
COe(L - OT) e(OO0L - FONWISIC BADN ULWX) xEGLOOO’ - AWIL --> ZINIOd LY AWIL 


106 


LSIT VOL SLYYINTD ONG 
NYNLAY 
Od dNi 

VOL SIIAVG --> (€I) VOL 

(“SONUISIC HADU ELEX Z/) Se weye} StmwabusT yaed sr 

SeTte 0002 Spasoxs souezySTp yzyed sayz JI) 

(JONVISIG YADY MLWX PUC ITNOTAH YAAWVT J taae sazeUTpIOOD aTqez) 

(7°< SanfhTgZ Satarqg woIF poaaTtIap stTqez Ur VOL dn yooT) 

(IWIL TYIOT :2n0) 

(Cea ULNX PUNT LS = NT) 

GTWIL TY¥DOT OL ZWD TTIVYD 

(Aep auyz JO ANOY youd TOF you puTa) 
L/NNS LHOIAH --> LHOIGH YSANT J 

Od aNd 
THOTAH + WAS LHSTIH --> WAS LHSIAH 
(LV9TIH) dXT --> LHOTAH 
(S8E) NT+ (LT/TOW*Z)NTxh€ °L --> IHOST AH 
(OT) INTOd LSYTA LY ANW --> LT 
(TOW <gn0) 
(NSS “HIMWIZV YLWX OL WY 0002 INIOa ’YLWX Wd HY OOL ~SaNOOD 
*(L)DOT MLPX “°(ZSL)TIVG “ATLNNIW ’YNOH “HW OOL LSTQ NVIGWY ‘<NT) 
INWININ ITVO 
09x (UNOH INIOd LY FJNIL) --> ALONIW 


107 


(anTeA DTMYATIPAOT 333% WOAT 3FSaAUND) 
n7/TWLO“L --> Cad NYINW 
od aNd 
(I)G@qgud ISI@ + TYLOL --> TVLIOL 
ff OL L --> I Hod O17 
0 --> TYLOL 
(saetTousnhary otmuzytarehoT %wsaq auy Fo wesm 39yy ouTMWI939q) 
Od aNga 
Od dna 
JI ang 
(c’T) Gaudi 90T NO N/S --> N/S LSa4a 
L+e --—> (1)0aud Lszg 
(AQuanhaag Fo sntea fot = KONANOTWA LSaIG 3eS) 
NSHL N/S LSaq < (¢’°I) OTT NOT ND N/S AI 
6 OL Lt --> £ 40d Od 
OOL- --> N/S Isa 
(STQSTACA DZTTCLREUT) 
nZ OL L --> I wor OC 
(*poeztTeerl aq TTtn K/S Ysazeamh sayz yotysm Asao KAouandaeay <= = HATA 1S7¢q) 
(Aep 3auz Jo Anou udes TOF AOvanhaAy 3483qy 34} outTII393Aq) 
(VOL WNNAINY ’OSNT NOISIG =3N0) 
(TIVAY O12 “AWTIL dOLS “AWIL INVIS “°VOL “OF8T SOT NO NZS =NTI) 
SHIONTNNANT NOISIC INIWYTLAC ANIENIVENS 


108 


O€ --> 2 FONAYTTIII 
O€ --> L FONTNAIAIA 
(satouenbarg uray pue ’3zyubtN “keg 
Gua SOA Cn Serr OUuLOD 3S 9C SeTtTousen sary SPIGeTEeAe o497 20 YOTUA duTtTH r3d39q) 
((SHOSTINGIK) OFT LSIGe*Z) LYOS --> ONT LOIN 
((XVQCTW) OFYT LST GexZ) LYOS --> O37 AVI 
(C+ Z/(NMVO+YSNI) DENI --—> AWICIW 
LHOINGIW + tZ@ --> LHSINGIW NAHL O > ZHOINGIW dI 
nZ - (Z/(G°hz + NAVG + NSNG))LNI --> ZTAHOINGIW 
Od ANI 
II Gnd 
I --> ysna 
NHL OFUI NYGW > (1)OTH¥d LISTG ANY O < NMYG GNY O = ¥SNd JI 
I --> NMYG 
NHL OFYI NVAW < (I) O34d LSAIG GNV O = NuVG dt 
((1)Oauq ISddexZ) LYO0S --— (I)5aua LSag 
hZ OL tL --> I goO2 Od 
0 --> WSNQ’NAVI 
("ysnp pue umaep je 
Kouend5erzZ uedw ayy YRIM SptToutoDS {TTta KouanFarar ysaq ayy, cAep ayQ Bbutanp 
yAty pure ayhtu 3e MOT eq TTT wotzeTado Jo KouaenberAy Asaq 3yz 32eY2 suNSsy) 
(uMepD pee yYSnp FO oUty 3 UT 13939) 


(OTN NWINx*«Z) LYO0S -—> OANA NVI 


109 


a 


(AVGQIW) YOL --—> WOL WNNILNY 
(L)Oayz morsra --> (7) Ogua NOTSaa “(e) Oat NOISAI 
(Atuo fep auq bSutanp aze suotjzeredg) 
NZEL NSN > FWIL dOLS ONW NMVI < OWIL LYVLS IL 
(NM VC) VOL --> YOL WNNAILNY 
Od aNg 
JI Na 
(r) TIVAY OsYT --> (€)3TNA NOISaa 
WLIAQd --> € FONAVTIATI 
NUHL € AJDNIWITAILIG > WLWI IL 
OFF NWIW -— (rc) TIVAW Og4a)S59V --> WL19I 
aI ana 
(C) TIVAY S7ud --> (7) 574d NOTSAI 
VLTAC --> Z FONYAAAIA 
NAHL 2 JONAYAAIII > WLI AL 
(Caud LHSIN - (cf) TIvWAY O@us)Sav --—> VLTII 
4I aNaz 
(c)TIVAY O3aI --> (tL) OTmHa NOISII 
VLTIGd --> L JONTYATIIAIA 
L AONGYTAILG > VWITEI al 
(Cdud Ava - (f) TIVAY Of4I)SaW --> VITIG 
TIVAY SOPYI JO NTGWNN DL L --> f AOA OQ 
O€ --> € FJONTHIIITI 


110 


STIONINOAUNT NOISAG ANIWNYLAII ANF 
NYNLIY 
(LHDINGIW) VOL --> WOIL WNNZILNY 
(7)OaNT NOISTG --> (L)OTNT NOISaa ’(f) OaNA NOLSTTI 
(XTuo zuftu ayy butanp are suotze1rsI0) 


NQHL ¥SNG < AWIL LYVLS pue NMYI > AWIL dOLS II 


1 


DOZUY ONG 
NYALAY 
(JQNIIONOT) S$ --> (7) D0T Z LNIOI 
(JQNLILYT) 2 --> (Lt) D0T Z INIOA 
(Q9Zv¥u yeydoIgG UT Se 5 3 | azeTNOTeD) 
HLOWIZVY NYIGW2 Z L SNIOI --—> Q 
ESIQ NVYIGYY Z tL BNIOd --> 9D 
((Z=L) 007 Z BNIOZT -*5EN0) 
(HLAKIZY NYIQYH ZL INIOd ’(Z:t)D0T L GNTOd ’LSIG NVIIVY ZL INIOZ =NT) 
DOZVY ANILNIIINS 


Tez 


ZYYD9 ING 

NYOLIY 

S --> HEMWIZY NVIGUY 2 L INIOI 

Y --> LSIG NVYIGYY ZL BNIOI 

(ZVHDD szaydorg Butsn s 3 ¥ | 3zeTNOTeD) 

(Z)99T Z BNIOd --> a 

(L)99T 2 ENIOI --> 9 

(TQNLIONOT) (7) 997 L BNIOI --> @ 

(JQNIILYT) (t)90T L EBNIOI --> ¥ 
(HTNWIZY NVIGVY 2@ L ZNIOd ’ESIGQ NVWIIVY 2 Lt ZNIOI :4n0) 
(J) 207 (2 LNTOd Act) S07 St FEN hoje et) 
ZYUOOD ANILAIIANS 


PL 


JOWINIA ONG 


NINLAY 

6f --> anw 

(INWINIW LSHdONd UT se 6r = INW BS zeTNOTeD) 

(s39qunu Zodsunsg = NSS) NSS -—> 63 


(surTpey wT) HLQOWIZY L 2 LNIOd -—-> (2)oZz 
AONWVELSIG NVIGVYY 2 L BNIOd -—> (1) 02 


(apnytbh uot) (7/901 Z LNIOd --> 92 
(epnzt3ze7T) (L}D0I Z INIOd --> GZ 
(ApnzTIeT) (L}DDIT L LNIOd --—> €2 


TLQNIW --> OW 
YNOH -—> O4 
(L)aLva --> 07 
(Z)TLVa --> LW 
(InW <=LEn00) 
(NSS “HIQWIZY Lec DNIO ~ (C21) a07 Zeinnog 
(L}DOT £ LNIOd “(Z°L) ave “TEANIV ’°UNOH “’LSIG NYIIVY Z L BNIOI  =n7Z) 
INWINIW AINILNIXZEINS 


114 


EES 


THIL TWOIOT OL LEWD ANG 
NEOLAY 
II CNG 
12 - JWIL IWOOT --> ANIL TWOOT 
NZUL t2 < FWIL WOOT JI ISTA 
2 + AWIL TYDOT --> AWIL TVSOT 
NTHL 0 > FINIL IWOOT II 
(S¢° + Z29Z7°O/FJGNTIONOT + BWD) INI --> SWIL TYDOT 
(Ana tTIeHaT ST apnztThbuoT 359m) 
(IWIL T¥YDOI <:500) 
(TINLIONOT “END =NI) 
WEL IYDOI OF CWDS ANILAOYENS 


iO seo Ne 
NYOLAY 
TIT --> INT 
(IgHdOud FO JOTI UT se ssaoorg) 
(Z)YLWX WONT RY COOL SauOOD --> (8) 02 
(L)YINX WONT WY OOOL SaHOO0D --> (24) 02 
(Z) MADE WOUT RY OOOL SGH00D --> (9)0Z 
(L) VAD WONT WY OOOL SaGHOOD --> (S) 02 
(Z) INIOdGIW SaNOO0D --> (bh) 02 
(L) INIOd@IW SadHOOD --> (€) 02 
HLOWIZY YLWX YADN --—> (2) 02 
LSIQ NYIQVY YADT YLWX -—> (1) 02 

(ANT - seo} 


(HINOW “BLORIZY YLWX YADY “YADY WOYT WY 0OOL sayoa3 


Je NhedOih ISIN Ooo 


“MENX NOUT WY OOOL SazT902 
“ESt@ NVIGYS WADE ULNX “HLONT ZY JhOuvmIEne oe 
TOTO INILNONINS 


116 


(DOT MINX “DOT YADS = =NT) 
ZWHO9 ITY) 
II ANZ 
(QADY WOUT WY OOOL SGHYO0D *:EN0) 
(HEQWIZV YADM MINX “ODOT YLWX “HY OOOL SSAT LSIG GVH YADY YLWX =NTI) 
SPY ET) 
969SL°O — LSIG NVIGYH YAON HIWX --> WHY COOOL ISIG IVY WAON YLWX 
(TLFX WOUT WY OOOL SG@YOOD =5No) 
(RINWIZY NADY YLEX “DOT VINX “UM OOOL AZDNVISII NVYIGCUY <NT) 
DOZVU ITTV) 
°69GL°O --> HY OOOL AINVLISIG NVYIGVY 
NUHL S/Td < LSIGC NVYITYY YADY YLWX ILI 
(INTOTGIN SILYNIGHUOOD :5N9) 
(HIMWIZY SADY HERX “DOT YLWX “°ESIG NVIQWY INIOdGGIN YLWX =NT) 
DOZVY ITY) 
Z/LSTI NWIQYY WADY YLWX --—> TSIG NVIIVY INIOdGIW JLWX 
(HEORIZY MADH YLWX “°LSTQ NYICWY YADY YLWX =3EN0) 
(DOT YADY “DOT YEWX <=NT) 
Z¥HD9 ITYD 
(JTMWIZW SEWY SADE “MAOY WONT WY OOOL SGHOOD “YILWX WOYd WY COOOL SaH905D 
"INTOGAIWY STLYNIGYOO) ’AFONYLSIC NYIQYY YAONY YLWX “HIAWIZVY YADY YLWX <*4LN0) 
(NOT YADY “°DOT AULWX <=NT) 
HLVd INILNITANS 


ae 





co 
| a 
= 


HEV a IN a 


NUQLIY 
(ALQRIZY YLWY NAOY “LSIG NVICWY VINX NADY 2LA0) 


dIHM NOI N/S ONIA ONG 
NYOLAY 
Od ONa 
Od ANZ 
(e/(c) VOL) NIVD WNNALNY 
+ (L°C)TIVAY S974 NO N/S -—> (I’°C)YNNZINY NO NZS 
#2 OL L --> £ NOX OF 
(SZaematout aarhap ¢ UT 
UOZTAOVW 3uy DACcCTe ssa zfxp 7R OF ssampop € WOTJ ePUuUo Ue syq Fo uz3ozqe7 
GOTZETpeA 3yy Szuaseadsa yotya NIVO AeTAe YUaMASTS Ez OUT SyTNSeaI 
“HIEONET = YRHUST TeOTIAWDATAa Jo euuszyue dtym JOF arazyed wuorzetpezr purty) 
((T)ATEVTIVAY OFNI/He6)/ZE --—> HLONAT 
(t ADuanbary JOT syyHhuetToaem ut dtym ,z¢E FO yRhusT eututzszaq) 
SOGYI TIVAY dO UAGFAN IL L --> I FOI Ja 
(VNNZZLNY NO N/S ENO) 
(VOL ’SCS4Yd TIVAY NO N/S “TIVAY SOTYI JO UIGWON ’TIVAY OFHI <=NI) 
JTIHM UOT N/S INIA INILNIZANS 


mee 





WIA 
nOTENHS-JTeH 
weTodtaq 


nOITHHIOT 


(OINT NOISHTAC YNNALNY “2NT) 
TYVNOCS IIVH NOISAA TLYD 


se 
¢(¥) 


nOTOTTdn --> AWYN VWNNILNY 

(OINI NOTDINYLSNOD UNNAINY *2Ln0) 
(OANI NOISHG WNNSINY <=NI) 

TTOdII NOISAAC ITYD 


o9 
iN 


nOITMBCOTyn -—>AWNUN WNNIINY 
(OINI NOTZINYLSNOD UNNAINY *LN0) 
(OINI NOISHG WNNALNY <NT) 
TUIMONIT NOISAC ITY) 
=L 
dO FOIDHD UNNALNY ASD 
GTOIOWD YNNGINY LOANT 
;  ifie le oainno Nabe 2 (o) WNNTINY JI 
"°°" €y TOdLNO NAHE Lt (€) VNNTINY JI 
Cu DNdINO NHL Lt (TZ) WNNTINY JIT 
So tie Oak oO. NOH (L) WNNTBNY JI 


wépaubtsap yuesm nok op euuszTe YOTUMn LNILNI 


(OINI NOIZONYLSNOD WNNAENY <*3rN0O) 
(OINI NOISAHI WNNTING <*NT) 
VWNNADVY NOTSAIC INIEANOYANS 


120 


UNNZINY NOISTA ANG 

NYQLIY 

ISWD INI 
wT Anu -—> IWWN WNNZILINY 
(OINI NOITLONYLSNOD WNNGINY <*5N0) 
(OINI NOISHI YNNAINY =NTI) 
TIA NOISAC TIV) 

2H 
uoTenbS-JITeOH, -—> AWN WNNALNY 
(OJNI NOIZONYLTSNOD WNNAINY <=LNO) 


12] 





VNNUINY TYIMONOT NOISTI ANG 
NYQLAY 
(YNNZINY NO N/S LENO) 
(VOL “TIVAY SOI4T JO USANNN “STONY NOTLVINIIND “LHOIAW WNNAINY 
“TTWAW OFUd “(LJ HUTONTT WNNTINY “OUST TIVAY NO N/S *NT) 
ITIMONOT FDI N/S GNIA TITY) 
(7) LHDIGH LSYW --—> (7) CHOIGH UNNILVY 
(L)LHDSIGH LSYW --—> (L) ZHOIGH WNNAINY 
(QTONVY NOTLVYINITYO “ILANIZY WNNAINY “’HLONTT WNNZINY *3N0) 
(JOXL TUYIM WNNYINY 
"YO.L WNNGGNY “HELAWIZY YADY YLWX %(€)OaNT NOISTG “HEONAT XVWW  <=NT) 
NOTLVYINGIYO ANY HIONAT JUIMONOT INIWYALIC TIVO 
( (©) 9941 NOISTIG TOF enwazue aratahuol ayy Jo yyHuser sutayzsyzaq) 
(L)ZHOTAN ISWW + HLONYT XVW --> HLONAT XH 
((L) ZHOTIH TSYW - HLONAT SYIM) “YLONTT LIS WNNYINY) XVH --> HILONST XW 
(9ITAHIOT BY} AOI atqtssod yyfuetT wnurxem 34 suTWI339q) 
(OANI NOIIONULSNOD WNNELNY <3NO) 
(OINI NOISSQ VWNNAINY <NTI) 
TUIMONIT NOISHTG INILNDHANS 


liz 


(LU)BIOWIZY ENNGINY -—> (Z)HIOWIZY YNNAINY 
od ana 
II Ni 
(HENwWE7Y - OOF - (L) BH LOWITZY WNNAZONVY) SAY --> JIONY NOTLYLNITYO 
a STI 
(VENHIZY - O9F + (L)HLAWIZY YNNGLNW) SAY --> TIONY NOITLYLNALIYO 
N7HI OSt < (L)HENWIZY YNNSENY JI 
NJHL OSL < TIONY NIILVINAINO AT 
(HENWIZY - (L)HIAWIZY WNNZINY) SAY --> FIONY NOLLVINALIYO 
((Ldxc) /09€) «* HIMWIZY AADY WINX --> HINWIZY 
(L)HIMWIZY WNNALNW LOANI 
w°pauhTTe oq TTA euUSzue 34} YOTYR HuoTe yYInWTZe sy}. 13}3%UZy, INdIND 
LE > JIONVY NOILVINGIYO TIIINA OF 
(L)LHOTGH WNNZINY + (L)HDONST WNNAZINY --> (L) HIONST WNNTINY 
(L)HLONTT WNNAINY LNANI 
wu °s3zseu Hutyroddns uaaesnysq asueIsSTp -- uZhueT euutayue 3Y} TW3WWW, LNAINO 
(Z)LHOITJH WNNGINY LAGNI 
Hey hee aie! aie BMG see abide Win2) eital ais oloieg, anldis( 6s, 
(L) CHOTTH WNNZINY LNANI 
ioe Se ee ee OU ae zu AhTay PuumaquUe 32493 3ADWUA,y, LNILID 
(JTONY NOILWINGINO “YNNUDNY NO N/S ‘HINWIZWY WNNGINY ’HLONZTI WNNOLNY *LAQO/NT) 
(HIAWIZY NADY YLWX “TIVAY OFYI JO YAGWON “TIVAY OSA “VOL ‘*NI) 
WNNILNY ZHIMONOT AATGOW ANILNOYANS 


23 


124 


WNNGLNY JYIMONOT AITION ING 
NYOLAY 
(UNNZLNY NO N/S <*LN0) 
(VOL ’TIVAY SOSYI JO NYTIAWON “TIONW NOILYENIIND 
“LHOTIH UNNTINY “TIVAY O9Na 4 (L) HIDONTT WNNZING “O9NT TIVYAY NO N/S~ =NT) 


JYIMONOT YON N/S ANIGT ITYD 


(HEONTTIAVY « H°C°HILONAT XYW)NIW --> HLOINTT XVW 
NIHL 8€ > VOL WNNSEINW JI aStTa 
(HEONTTAAYM x H°E“HDONAT XWN)NIW -—-> HIONAT XWH 
NJHL O€ > VOL WNNSLNY JI ASTI 
(HLONTTIAWM « Hof ?ULONTT XUN)NIW --> HLONAT XV 
NAHE 9Z > VOL WNNAEINW JI Sta 
(YDONTTIAVMA & h°SG’HEONAT XWH)NIW -—-> HBONST X¥W 
NHL €Z > VOL WNNGINY JI 
NJHL LZ < WOLD WNNAINY AL 
(F)OTYI NOISAG/YOLOVI --> HLONATIAWMS 
dT Ng 
86 --> HOLOWI 
(azuorq anyudsoyd ro zaddoo9 st adk3 o12Ty) 
IST 
((e)Oa%q NOTSIAGx8ZE°0O) - €16 -—-> HOLOVA 
(LL/L-GM SI TdAL ANIM) 
NJHL 0 = JHIM WNNAENY dO AdAL AT 
TOTFETNOTPD yRhbuseTaeaem AOF partnhar WW zySeJ |sutTwyrszaq) 
((€) O74a NOTSTIG TOF paubtsap aatsbuoTt e jJo uz~husT ayy outTm13939q) 
(JTONY NOITLVINE INO “’HINWIZY WNNADNY “HLONTT WNNALNY <*3EN0) 
(TAL GYIM UNNIINY 
“VOL YNNGINY ’HENWIZY YAOY WoHY *° (Ee) XONANOTNT NOTSII °HEONST XWWH =NI) 
NOITLVINAIYO ONY HLONAT JNIMONOT ANIWYZLIG INILNOVANS 


yz 


OZ --> ITONY AAW 

IST 
€Z --> TIONY FAWN 

G°S > HLONIT TYOISLOA1Ta JI ISTI 
9Z --> TTONY FAV 

G°h > HLONTT IWDINLOGTG dl AST 
O€ --> ZFTONY AAYM 

G°€ > HEONAT PTVOTELD a eed S Ta 
GE --> TIONY ZAM 


G°2 > HEONAT TVoOr! bao 
(eaus ze 


327} WOT pazeTpey st AIHN0OT mnATKeM wOTuKM Ze aThue “AIONY TAM BUTUI3I2Aq) 

G°O - HLONAT TWOIYLOATA --> HIONTT TWOLYLITTA 

od ana 
HIONZIAAWH *« HEONAT TWDINLOSTY --> HLONTT FYIMONOT 
G" + HIONTT TYOIVLOGTT --> HLONAT ITVOINLOITA 
HLONTT AZYIMONOT --> (L)HIONIT WNZINY 

HLONAT XW < HLONAT TYIMONOT TIZNA Od 

HLONTTAAWM & HEONAT TYOIVIOITT --> (LJAYLONAT WNNIINY 

0 --> HLONST JHIMONOT 

T°L --> HLONIT WOLSLIAT 

JI Na 
II CNG 


26 


NOTLYINGIYO CNY HLIONAT AYIMONOT ANINNALAGC ANG 
NUOLAY 
IT (NG 
HINWIZY --> (ZL) HLIWIZY WNNTINY 
OQ --> FIONY NOILVINIINO 


ISTI 
O9€ + (Z)HIMNWIZY YNNAINY -—> (Z)HEOWIZY YNNALNY 


NZHL O > (Z)HEAWIZY UNNAINY JL 
TIONY NOTLVINAIYO - HINMWIZY --> (Z)HIANIZWY WNNGINY 
o9€ - (L)HINWIZY WNNGINY --> (L)HEOWIZY UNNAINY 
NTHL O9€ < (L)HIMWIZY UNNILINY AI 
TTIONY NOTLVINAINO + HIAWIZY --—> (L)HIAWIZVY WNNGINY 
NZHL GS < JIONY NOILVWLNGIYO IC 
(TdxZ)/09€ x HEOWIZY YAOY YIWX --—> HINWIZE 
(YOL YNNTINY) SOO/ (STONY ZAVH)SOD)SODNW --> ATONY NOITIVINALTYO 
(TOTES NO 4543 
OF YNMTZe 343% Pue eUNdSJUe 343 UsdSMZeq aThue “ITONY NOTLVINAIYO autwrsjzoq) 
dI ang 


ty 





TYIMONIT NOT N/S ONTA ANG 
NYOLAY 
od angi 


Od GN 
(e€/(c) VOL) NIVD YNNALNY 
+ ([’°C) TIVAY SIV] NO N/S --=> (1° CY UNNTINY NO NZS 
nZ OL t --> £ YOd OC 
(NIVD WNNTINY *2EN0) 
(JIONW NOITLVYLNIIYO “LNOIAH TYOIYSOITT °HLONAT IVDIYLOZTSA <=NTI) 
NYGLLVd GHYIMONOT GNId ITYD 
(HIONTTAAWM x Z) 
/((Z) THOTAIH VNNGINY + (L) LHOTSH WNNALNY) --> ZHOSIII TWOIYLIATI 
(4 LONI TIAWM 
/((L) LHOLIH YNNAINY - (L)HLONTT YNNAINY) + G°) INI --> HLONIT TWOLYLDATI 
(I) TIVAY O349I/H86 --> HLONATIAWM 
TIYAY SOUYI JO YIGHNN DL L --> I Yo! 
(WNNZLNY NO NZS 


Od 
>LN0) 


(TTONY NOILYINIIVO 


*SHOTAN WNNTINY “°TIVAY 3211 “CL)HLONAT WNNAZZNY ’SUMT TIVAY NO N/S 


>NTI) 


TUYI4MONOT YOI N/S GNIS INILOADNVANS 


128 


NYTLLVI FJHIMONOT ANITA ANG 


NYOLITY 
(TTONY NOILVYINILIYO Sy} TOF e Reo 
urezqed ayy yno dtaxys “LHOIAN IVOINLOITAT PUe HLONAT TWITYLITTI Suotsusatp 
SUR JO sITMHuoT e TOT Pep uTaqzzed sy. AututeiUOD asadey uD OTTJ oy party) 
(VIVD VNNAINWY <*3n0) 
(JTONY NOTLWLINGIVO “LUSTIN IVOTYLOITT “HLONTT WOTYLITTT =2NT) 


NUSTLLVYI JINIMINOT GNIA ANILNOTINS 


poe 


_ 5 cee a ce — 


ITIMONOT WHYOVIT ANG 
NYOLIY 
»“9Aoqe UMOYS YFInUTZe 
WuytS AuoTe pazZuetyIoO aq PTNOUS SITMHUOT dUIy 
(yynuTzZe puodas 3OTI you Og) 
NIHE (LJ YLAKIZY WNNAINY = (Z)HEQWIZY WNNIINY AI 
(meTAetp woTzZeRUSeTID 39Tq) 
(we THheEeTp OF TORSTSSI ppy) 
“ROHL | = MO CSESs sete 
(euuszUe STI wWerbeTtaq) 
YOLOWA JTVOS/ (IZ) LHOLGH WNNZLNY --—> (2) LHOITGI 
YOLOIVA ATYOS/Z (tL) CHOIFY WNNTINY --—> (Lb) SHOT 
YOLOVI STVOS/HLONIT WNNUINY --> HLONAT 
FOL « HLONAT WNNGZINY --> YOLOVA ATVOS 
(R OpUTA yOTT O43 FO YATRA 394 H/E OG TTTA YRHuSeT euuszUe “BOLIEA ATYDS 29s) 
(MOpuTtTA YOTd TTTI 0} SuoOTSUSsUTP PUTS yUe 9sTeDS) 
(NNIVd “°HOLSISGY ’HIONAT YNNIINY 
“THOITA UNNAINY “HIAWIZY WNNILNY “HLQWIZY MAD YLWY =NTI) 
ATIMONOT WYUOWIG ANETLAIVENS 


1518) 


TITOdIG NOISAIID IN 
NYQLAY 


(VNNZINY NO N/S 25ND) 


(VOL “"F4¥I NOTSTQ “’LHOIGH WNNAINY “TIVAY Ogud JO YAIWAN 
“TIVAY Oud “SANT TIVAV NO N/S =NTI) 
ATOdId ¥9d N/S ANTI ITY 

*IHOTTA WNNAZLNY 30) 


(JIONY NOIZVYUNALYO 
*OSUUT NOISSA “YOL -NTI) 


(YOL YNNTIINY “’LHOIAH LSYW 


(NOILVINGINO GNW LHOIAH AZTOdId ANIWNNALIG ITV) 
od ana 


dI and 


(I)Oaya NOISTAG/SOIn --> (IT) HLONAT UNNGALBNY 


(szuoi1gq anudsoud zo zaddoo st oaa1ty) 
a STA 


(T)Ogyd NOISAC/Ohh --> (I) HLONAT UNNGINY 
(VINWYOI LL/L-aM) 
NZHL t = JHYIM WNNALNY JO JIdAL AT 
(a3 fuaT euuayueP 343 oUTWIAa39q) 
€ OL t --> I YOdI oF 
(*AOuanbary ahbrsap 


yoes TOT suo “saTottp 39144 JO SUOTSUSUTP ay} SUTUIZIOP TTI outTRNOT stuqz) 
(OINI NOILDONYLSNOD WNNAULNY *LN0) 


(OJNI NOISHIG WNNSENY =NI) 
ITOdrId NOISAGC INTLNINANS 


hss 


3I Nz 
Oh --> TIONY NITLVINAIYO 
ISTY 
06 --> TTONY NITLVENALIYO 
NHHL HDONSTIAVM « 7° > (EE) LHOLIH WNNGINY 4I 
(C}OgNT NOISAT/H86 --> HLONATIAYM 
Od ANY 
(IT) LHOIGH WNNTJLNY LNANI 
(I)Ozud NOISAG LNdagno 
» uO azeTeIO 0} STOCTP au TOT WZ Hbtay ayy WUT, LNdINO 
€ OL t --> I wor od 
NAHE whKu = USMSNY II 
YaMSNY LOANI 
wuN/K ES 2ybtay euuaque ayy ATtTOAads of UstTmM NOK Ody LNALNI 
(Et) 35ud NOISIG LAANI 
(TIVAY OGYI JO YIAWON SL) IIVAY OFed LNILN) 
ul? 3STT HuatMoTTOF sy}z WwoTT vayrz aq ysnm satouanhary mau OuULy LAIINO 
(C°L) OFNA NOISTIn 37e ud 
a3ezado 0} pauftsap o1am SaTodtp aar1y2 ay} SaTtTOuoenbdarzy 
auz AtTzawsxsazrq cubtsap Fo satouanbary mau 3432 3dRUIy LNILNO 
(UNNZINY NO N/S OSHA NOISIG “INOTIN WNNALNY ‘ILNO/NTI) 
(TIVWAY SOTYT JO YAAWAN ’OUMA TIVAY NO N/S “TIVAY GARI “VOL <=NTI) 
WNNTINY FTOMII AAIGOW INILNOTANS 


Ae 2. 


‘LHOIGE UNNALNY 


WNNIINY ATOMIC XALIION ING 


NINLIY 
(UNNUINY NO N/S 25ND) 


(YOL’OUNT NOLSATI 
"TT WAW SOGGY JO VAAGWON “TIVAY SUNT “3QNT TIVAY NO N/S =NT) 


TLTOdId WOI N/S ANIA ITD 


aI ang 
>EN0) 
*SA9I NOISIG “VOL <=NT) 
NOLLYINSINO GNY LHOIGH ATOdId INIWNALIG TTVD 


(STONY NOILVINSIYO “LHOTTIH YNNAINY 
(LHOISH LSWH 


1S 17 


133 





/((Z) LHOISH WNNAULNY + 


HO (Z)OaNd NOISAA 


ATOJIG NO N/S GNI ONG 
NYOLaI 
od aNd 
Od ani 
(e/ (cf) YOL) NIWD UNNGLNY 


+ (T’C)TIVAY OFTVI NO N/S --—> WNNILNY NO NSS 


iC 0h). —-—> se eetOw 1d 
II (Na 
(NIVD WNNALNY +250) 
(LHOIGH TWOIYLOITIT <%NTI) 
NYZLLVd ATOdIG GNIAI TIVO 
(HLONTTIAVM * 2 


(tL) LHOIGH WNNAINY) --> LHOSISH TWDINYLDATA 


(I) TIVAY OFVI/HE6 --> HLINATAAWM 


NUHOL 
= (I) TIVAWY Cauda YO 


(I)6qauqa NOISAA (I) TIVAY O@NI 
(L)Ogua NOISAG (I) TIVAWY O@NI AL 
O€- --> (8Z7*L) NIVSO WNNUINY 


TIVAWY SOTYI JO YAGWNN DL L --> I YOI OT 


(UNNAUDNY NO NZS <*4n0) 
(VOL “OUUI NOISAG ’LHOTAIY WNNALNY 


“TIWVAV SOTWT AO YTAWON “TIVAY OFA 'ORMT TIVAY NO N/S = =NI) 


ITOdIqd YOT N/S GNIdA AINIEZNIIANS 


134 


NYALLVd JTOdIG GNIAT ANF 
NIOLAYT 


((gZ°L)NIVOS WNNILVY 
oJUT Ssaoh eyeD 342 “pUNCIaf ay} sAOqe Sy yhuaTaare LYSIGH TWOINIDATZ 


ePuuejyue aTodtp e JOF Pep urazqzed ayy futuTe.UOD ade} Ur ATT ay} put) 
(VIVD WNNALNY *=Ln0) 
(ILHOIFH TWOINULIITT <=NTI) 
NYILLVd ATIIIG ANIA ANILNOVaNS 


Sys 





LHOISH JIOdIG ANIWNALIG INA 
NYALAYT 
II ISTI 
Oh --> FTIONY NIITLVENAIHO 
(Z)LHOTAH IS¥YW --> (€2L)LHOTIH WNNAINY 
(*aTqtssod se vbTYyY Se paYONIAWSUOD aq PTNoOYS sTodtTp auz) 
ISTY 
06 --> TIONY NITLVINAIYO 
Od aNnz 
C(Z)EPOTIIH ISWR “ILONTIFAYMeL °) NIN --> (1) LHDIGH YNNGLNY 
(T)OTII NOTSIG/hH86 -—> HLONATAAYM 
€ OL L --> I FoI od 
(punosth ayzRz 0} VSOTS payonAAsuod aq pTHnous dsTodtp ayy) 
NJHL OS < WOL WNGINY JI 
(-qubtay euuaqzue YSaq autTM13a39eq) 
(JIONY NOITLYINGIYNO “LHOTGAH WNNZLNY =:3N0) 
(VOL YNNGINY ’IHOTUH ISYWN “OUTT NOISSG ’¥YOL <NTI) 
NOILVINTJINO ONY LHOIIN FTTOdIG INIWNALAGC ANILAOFANS 


136 


VWNNIINY FGA NOISTG ANd 
NYQLAY 
(VNNGINY NO N/S =5N0) 
(VOL °TI¥AY SO®Z4X JO NAGHON “YATONY NOILVINIINO “LHOISH WNNAILNY 
“TIVAY OFUS “*(L)HLONAT WNNALNY ’OUYT TIVAY NO N/S <NTI) 
GIA YOI N/S ANIT TIVD 
(€)LHOITH LSYN --> (Z) DHDOIAH YNNILVY 
(L)THDITH LSYW -—> (L) LHOIGH WNNGLIY 
(JTONY NOTLWINGIYO “YINWIZY YNNGINY ’HLONAT UNNSINW *35N0) 
(7QAL GNIM WNNIINY 
VOL UNNUINY “HIMWIZY HAO ULERY ’ (Ee) AVI NOISHA “HIONAT XYW 2UT) 
NOITLVINSTUO ONY HLONAT AYIMONOT INIWNTLAC TID 
(*-sartmhuctT Om} St adn ° (FS) OINAI NOISIG AOT shat ada ay A FO 4yHueT suTMTA39q) 
((Z/HLONTT JNIM) “SLONATT ALIS WNNALNV) XVW --> HLONGT XW 
(899A 3432 JO haT YOra JOT atTqtssod yyfuaetT wnutxezr oy} suTMI>d39q) 
(OINI NOILONYLSNOD WNNALNY 2300) 
(OINI NOISGG WNNTLNY <=NTI) 
TIA NOTSAG INTILNIIAGNS 


eg, 


aI dN 
O9€ - (Z)HGARIZY WNNAINY --> (Z) HIOWIZY WNNGINY 
NTHL O9F < (Z)HLOAWIZY WNNSINY JL 
TIONY NOTLYVINGINO + HINKIZY --> (Z) HLQDWIZW WNNAINY 
ASTI 
TIONVY NOTSYINSIYO + HINWIZY --> (7) HLAWIZY YNNILNY 
(L}HINWIZY WNNTINY + O9€ --> (L) HIQWIZY WNNIINY 
NJHL O > (LYHDINIZY WNNTINY II 
TIONY NOTILVINIIVO - HINWIZY --> (L) HLOWIZWY WNNUIBNY 
((IdxZ)/09€) x HLOWIZY YADT YLWX --—> HIOWIZY 
C/ATONY XTdVY --> TJIONWY NOILVLNALIYO 
TIONG Xdd¥ LOAINI 
n (SHAT EUtlajue aq UWeehateg aThue 2993 A9IUT, LAATLII 
(LY)HLONTT WNNAINY LAANI 
u°UZHUaT ePUUdzUe 3543 FWIUTn DNAILND 
(2) LHOTTH WNNAINY LOANI 
un“ pue Jey ayz ye yyATay euuaqyue 3g} 39}z2UTy, TNILNI 
(L)LHOTIH WNNAIINY BNdNI 
n° PUS OTPeT ayy Fe JuHTay euusqzue 243 WdRUdy LNIIND 
(JIONW NOITLVYINGINO “YNNAINY NO N/S “HINWIZY UNNILINY 
‘THOIGH WNNALNY “’HLONTT WNNAUINWY *LNO/NT) 
(HIDONIZV YADT BLWX “TIVAY OFHI ZO NTEWNON “OTNA TIVAY NO N/S “TIVAY OFT “VOL INT) 
TIA AKAIGOW INILNOYENS 


138 


TIA KXATIOW ANG 
NYQLAY 
(UNNTINY NO N/S *FLAD) 
(VOL ’TIVAY SOFIA JO YIANAN 
“STONY NOILWINGIYO ’LHOIGH WNNTINY “TIVAY OFNI 
"(L)HIONTT WNNUINY “ORY TIVAY NO N/S =NT) 
qIA HOT N/S ANII TTWD 


ig 


TTA NOI N/S ANIA ANG 
NHOLGY 
od aNa 
od AN 
(€/(f) VOL) NIZTS WNNAINY 
+ (I1’C)OS3u7 TIVAY NO N/S --—> (I’°C)YNNAZINY NO NZS 
nZ OL t --> £ NOI Od 
(NIVD WNNGZINY *13n0) 
(JTONVY XTAY “LHOIAH T¥YOTYLOATA “HLONGT IWOIYLOITA =NT) 
NYQLLVd JAA AGNIA TTIW) 
TIONY NOITLVINALYO«xZ --> ATONY XAdvV 
(H DONA T&A YM x2) 
/((Z) LHOLAH WNNALNY + (L) LHOIAH WNNAINY) --> CHOIAI TWOIYLIATT 
(HLONATAAYM/(L) HDONAT WNNZINY + G°)LNI --> HLONTT TWOTYLIATI 
(TI) TIVAVY SAYI/H86 --> HIONATTAVY 
TIVAY SOUT JO NYTENNN DE L --> I wor od 
(VNNGILNY NO N/S *3N0) 
(YOL ’TIVAY SOd¥d JO YIAWNN 
TTONY NOTLVINGTNO “THOTSH WNNSDNY ’TIVAY Saud “CL) UNNUINY ’OONT TIVAY NO NZS fNT) 
ATA YOI N/S AONId ANILADTANS 


a 


140 


NYALIVd ddA ONIA ING 
NYNLAY 
LHOTIA TYOIYLOITT pue 
HLONAT TYOT"LoaTaA Aq 03 peyatod uraz zed 
Teynotzszed ayy yno dtwIS “ATONWY XAdY OF 
ezyep uTdz3zed YRT4 STTF ode purty) 
(NIVS WNNAINVY =2EN0) 
(TTONY XIdv¥ 
‘THOIGH TVOIULIZTA “HBONTT TWOLYLDITA =NTI) . 
NUAILVd JIA OGNIT ANILNOYANS 


141 


TMVNOS JTWH NOISII ang 
NYINLAYT 
(UNNUENY NO N/S =2EN9) 
(VOL ’TIVAY S%3uS JO STGHNN °TIVAY STH “JAVA TIIVAY NO N/S <=NT) 
SH YOI N/S ANIA ITY) 
(CZ) LHSTGH LSVW --> (Z°L) LHDIGH (WNNIINY 
Od aNd 
HLONTTAAVM/YOLIVA--> (I)ALONAT WNNTLNY 
aI any 
n86 --> HOLOVI 
(razuoza anydsoyd zo zaddoo st adk3 a1) 
IST 
((I)@auzr NOTSHG * 8ZE°) - EL6 --> HOLOVI 
(LE/tL-GM SI FdXD FNIM) 
NIHL O = JHYIM WNNAENY dO QdAL JI 
(yqfuaT euUds Ue [TTePTDAO oUTWI9399¢) 
€ OL t --> I yor o7 
(Aovanhazy ubtsap yore roy suo “seuuayue aTenhs Tey a997uz JO 
SUOTSUSUTP 38Y 3 AUTUIZIOP [TTA BuUuTZNOI stTyy) 
(OANI NOITLONYLSNOD WNNGLNY <*3n0) 
(OJNI NOISGII WNNGING <=NT) 
JYWNOS ATWA NOISTG INILNONANS 


142 


(E/ (Lf) VOL) NIVO UNNAINY + 


(Z)OA4T NOISII 


(VOL 


SH NOd N/S INIA ONG 


o€ - (r’e) ORI TIVAY NO N/S -—> WNNAZINY NO N/S 


NYQLIY 
od ana 
aI Ng 
od Na 
HZ OL L --> £ TOI Od Ss 
ISTI - 


Od CNa 


(T7C)TIVAY OFT NO N/S -=> (T°) UNNILNY NO N/S 


Hien Oia ee) Oe Od 


NOHL (e€)O9NT NOISAI = (I) TIVAW OYA YD 
= (I) TIVAV O3Nd YO (1L)CTNI NOISGIG = (I)IIVAY OBI AL 
TEYAY SOcud JOuutannN DG) |= => bones 4 


‘TIWVAY SCINI JO UIAWOAN 


(NIVD WNNGZNY *3nN0) 
NYALLWd SH CONIA ITYD 
(WNNZTLZNY NO NZS <*2EN0) 
“TIWAW OFX “ONT TIVAY NO N/S = =NT) 
SH YOd N/S ONId INILANDZANS 


NYGLLVd SH ANIA ang 

NYNLAY 

(*r13az3ed wvoTZeTpeI 

ezenbs JTey ay. HutztszazorreyoD 

adez wo eyep JO Yes |aTHhuts ay purty) 
(NIVS WNNGLYY <EN0) 
NYGLLIVd SH ANIA INILNIIINS 


144 


(NIVS WNNAINY <*3n0) 
(LHOTSH TWIINLOITA =NTI) 
NOALLVd AIDIIG INIA ITV) 


HIDONATIAUM/ (7) LHOISH WNNTINY --> LHYOLZA TWOILYLDITA 


KONANSANT/HS6 --> HLONATIAYY 
KINANOAUA LTNAINI 


(C°L)OFud NOISAG nroTe satouenbery ubtsedy IMdLNd 


uotzeatado yo AouanharZ YO RUT, LNAALNI 


ee 
(N 


(NIVD UNNIDIY 300) 


(TTONY NOITLYLNGINO “LHOIZH TWOTHLOTTA “HLONAT TWIIYLOTIA <=NT) 


(HLON 
(HIONT THA UMA ((L) LHOTSH YNNGDNY - HLONTT YNNAINY) 


fr} 


NYTLLVd AYIMONOT GNId ITYD 


THAUM#Z) /((Z) LESTSH YNNAZINY + (L) ZHOIZH VYNNZINY) --> ZHOLITH IWDIYLDATI 


+ S°) BNI --—> HLONIT WOLYLIATA 
KONINITWI/HE6 --> HLONATAAW 
KINAINGANA LTNANI 


(TIVAY SOIMT JO WAWNNEL) TIVAY OFYT ycarTe satouendory stTqerTteayy, ENALNI 
ncotzeredo yo AOuanharay TdzUZy INdLAI 


-L 
JO TOIOHD YNNALNY SYD 


(VNNGZINY “VOL ’TIVAY 374d °ADIOND UNNILNV 


“TTONY NOIZSVINZ INO 


“HEONAT YWNNSINY “LHOISH WNNTINY *NT) 
NYATLLVd NOTIVIGVYY LOTd INILADNANS 


145 


NSHL € = AOIOHD WNNGINY JI 
meee yo ano OU OF YIRUTZE 3Y2 buoTP AUD Peotone se uz3ozyzed QUT, ZbOdLoOAO 
(Z)CHOTSH WNNALNY wOML GNIn INTLND 
(L) LHOTSNPNNTINY wOND GNIn LNILAD 
u>ST Puuszue ayy JO FUHtTSaH, LNILND 
HIONTT VNNIJLNY uw °ST eUUaJUe |ayz FO YyRHueT TTeWAOK LNgLAND 
AWWN WNNAZINY wOU2 TOF ST urzszRed MOTIT SUEN INALAND 
(butpeay yno yutTI Iq) 
GSW) INI 
(NIVD WNNGINY =3n0) 
(JTONY NOTLVINGIYO “LEOTSH TYDIYLOITA °HLONAT IVIIYLIATA =NT) 
NYQLLVYd JAA INId ITV) 
(HIONA TIAVY & Z)/((7Z) DLHOTAK WNNZGNY + (L) LHOISH WNNAUINY) --> LHOITH TWOIYLDIITI 
(HIORTTIAWM/HIONGT WNNTINY + G°) UNI --> HIONIT IWOLSLDATZ 
XONANOTHA/H86 --> HLONATTAYM 
KONANOTYA LOANT 
(TIVAVY SCUWI JO YTAWAN TL) IIVAY Ogu 
n29Te SaTOUeNbATJ STQeTTRPAY, LAdTNO 
urotzezado yo Aouanhaay 138a4Uq,y INIA 
=f 
(NIVO WNNGINY <=5N0) 
NUSLLVI SH GNIZ TITY) 


146 


od aNq 
((r) VOL “VOL X¥H)XYH --> VOL XVH 
((T) VOL ‘VOL NIH)NIW --> VOL NIW 
hZ OL t --> I Yoda OG 
0 --> VOL X¥W 
06 --> WOL NIW 
(yoT3zerado ANnOV fe AOT S.,YOL wnutTxey pue wmNUTuTR dF suTUIAaz9q) 
GSW) ING 
ATENY NOITLVINGINO*xZ wuSTt athue xode ayy 
-aThue xade --~ shat 3a, ayy udsomnzaq aTbhue ayy 


SQOISTGC UOTAWSYSAFINO 9YFZ OF YRHUTZE BUTa 


oe 
wT 


nwsvaihap o¢ ShuTW TO snTd wot}eySyNO ayy 0} 


yYQnutze ayy oF TeTROtTpuadzrad st arenhs-yTey sy4Ln 


ee 
7) 


unJTONY NOILYLNAZ IYO w»shutm yo snqti 
seemhap 06 ST U9TZRISAINO DYR pure aTodtp 2xuQ uvaaKMjaq aTHhue syLy 


ee 
(N 


unITONY NOLTIVINGIYOn ST UOT} ePSRzNO 
red 0 (i ee O10 (2 2a SITMHUOT out) Uoonyog oaTbue OULa 
=L 
JO FJOIOHD UNNAINY ISW) 
ROVGANCTYdn ST uotzeredo yo Aouanb3sri4iy LNd ind 


147 


NYZLLVI NOILYIGVY LOTta ang 
NUNLay 
(SeuTT VOL X¥W ONY VOL NIW seaq) 
(urozzeq UOTIeTpeY 3OTd) 


(L + NIVS XWW) INI St Butz Taqyno !syuamat SUT gp ¢ UT SOUTT OTITZUaDUOD 


fh "3Ts JOTd azeTod e TO yuerpenh auo uzTtA OTNOTZeIAA ouyz 3ynO MPIQ) 


(({T)NTVS YNNFLNP 


od GNg 

“NIVD XVN)XVW --> NIVD XH 
8 OL t --> I Hod oa 
OOlL- --> NIVO X¥W 


(uTeA Onatxeu dy} FUTMID AQ) 


148 


Sayz [Saq --> (4M) L90S A974 
(i) "OS AgyI --> (C)LyOS OaNA 
(C°T) UNNREINY NO N/S --> N/S LSTA 
N/S JSt9 --—> (W’°I) VNNZINY NO NZS 
(S“T)WNNTINVY NO NZS --> (£°I) VNNIINY NO NZS 
"FHL NZS LSdd < (N’°T) UNNTINY NO NZS II 
TIVAY SO¥2 JO YAGWNN OL L+l --> WY Hod od 
(r’T) VNNTINY NO N/S --> (f’I)N/S Lsdg 
(c) DYOS OFud --> OFA ISA 
GOLL --> ¢ 40d 09 
od aNg 
(c) TTVAW Causa --> (f£) 240s 3ayd 
TIVAV SOSYI JO YAAGWNN OL --> C YOU OG 
(BIOS OAYT ASTT HuTyYTOM OFUT FTAEVYTIVAY OFNA BAO) 
hZ OL L --> I yor od 
(XTYLVWN OFNA YOLVATIN utT satouan Feary 343 3FIOS “*XIYLVH 
YNNIDNY NO NZS @UI UT pazyTenotTeo ApearatTe se orT}eI astou oF Teuhts 
o73 03 fuTpIO.De ASTT ITVAY ONT Ya0S “Aep ayy FO ANOY Yoed 104) 
(GWYN VNNIDNV “TOTOHD WNNGLNY ‘’ALVC “TIVAY SOGNI JO YIIWNNN 
“ESIG WADN YLWX “HENWIZY YAO ULWX “DOT HADN 
“INYN YAO “DOT HLEX “°AINWN WEOWX “AWIL dOLS “AWIL LaVES “TIVAY JANA 
‘ORUT NOISAG “OINT NOILONYLSNOD WNNTINY <=NTI) 
SNOIZTONHLSNI INIYd ANILNIAANS 


149 


A10dI2I WVYOVIG ITY) 


(Ox pUeivy UT PeqgstyT Se SUOTIONIZSUT elt moto, It 


LSISAN_’HLONTT YNNILNY “HOTLY UNNADNY 


AYIMONOT WYIOVII TVD 


(4190 
an 


=f 
JO SOIOHD WNNUIEZNY 3SV)D 


w MOTO SmeIheIp ay 
WOTJ paAUTeRZTO aq WED SUOTPERZUSTIO pue euUUdIUe ay} JO SUOTSUSUTCy, LNALND 


rien wi © UOLZCISINO JY OF UOTFPEIS TeDOT 28y2 woag USnUTZe PTI; Jha 
((Td*Z)/09€) *HLINWIZY SADY YLWX --> HIOWIZY 
wSTOFIUOTTM w TSIG NADY ALWX w2Suotzeys ay uddMZOq FOuUeYSTGy INILAD 
no md DYO y UO PaAZoONpUuodD oq OW HUTT SUOTZRPOTUNTUOD eC LOFT 5 TWUN HAD8 n PUR 
w GWVN ULWX wo UsaNzaq azerTodo 07 paubTsap SPMy ANVN WNNILNY wVa LAdLao 
(uUOTJeUTOFJUT Aapesy Hyy 3NnO UTI) 
od GNG 
Od Na 
(c)LYOS Odyd --> (f’I) OFNA YOLVAIAIO 
G OL -t --> f HOA Of 
(SaToOUSNFaay yseq Gg aars) 
Od ana 
od dng 
II Ng 
(ct) LNOS Cdydq --> OIA LSIa 


Poe 


(> xtpuaddy aas “970d Tp pure arenbs-yJTey ay} TOJ aues 3G} 21e assayjJ) 


(seuua ye puPy MOATPU UO UOT ADaTaS FJoOuaenhaIy JOT suotzyoONAYZSvuT yutiq) 


25 ie 
(TIVAY SOFH4 JO YSAWNN’SG)NIW --> SBTYI JO YAAHAN 
(> xtpusddy adg$ *3a3aAa pue dITAhUOT ayy TOF ames 3agy ere asayy) 


(seurloque pueqept uo uotydatas Xouanbary TOF suotr}zONAZSut yutizg) 


NTYL t = SJDIOHD UNNAINY YO L = FTDIOWD VNNATINY AI 
SNOILONYULSNI SANITAND SHOLVINSNI LNALaAd 
qswo ING 


(9 xtpuoeddy ut paysttT se SuotTyonASUT SdQ BUTI) 
(FJOLSISTY “HLONAT UNNI INV “’LHOTAUH WNNUTLINY “HLOFIZY UNNGLNY ’HEAWIZY YAOY YLWX =NT) 
AAA WVYOVIG ITV 


ee 
=z 


(9 xtpuaddy ut paysttT se suotzonIysuT arend53s-JTeyY yutad) 
(HLOWIZY NATH ULWX “OSTA NOLSAI 

“HLONAT WNNUINY ‘’LHOTZH LSY¥W =NT) 

qIVNIS ATVI WYSOVIG ITV) 


ee 
(vy) 


(0 xtpuaddy ut poaystT se suotzonAYsuT asTodtp yutad) 
(HLONTT WNNTUNY ’LHOISH WNNIINY 
“HLNWIZY YADY AYLWX :NZ) 


It 


SNOILONYISNI INIYd Ang 
NYNLAY 

od aNa 

Od aNd 
(C°IVYNNAINY N/Su/u (0°T) OFYI YOLVUACO LNILNO 
SOIYT JO WAKAN OL L --> ¢ ¥Od OG 
OOL*I LAdLNO 
(9Tqe2 342 UT OUTT e YNndyzNO) 
hc OL tL --> I wor od 
(atqrvy, Aouanborg s,10yeTSedoO, Inaya 


(aTqey ADuanhary s,r0.eradg 3no zuTIT4) 


2 


Cee u ten Cul ot 


Ae SIGNAL 10 NOISE RATIO FOR THE ANTENNA 


yECommCcr a Ua meme tne DROeCGatTION Path a@aad noise 2t tie 
receiver tne prograt automatically analyzes tre 
Poeoulvomee s tags andivsis ape available to the ocseratcr if 
Pi-eoGrIeOre ao Ula mero NolsSe tabie for the wai;. An 
erent tsa s Oltwdt Pls siesn anh table 4A Gitierent 
Premal §tO ROISe tdxie Can pe obtained for c¢aca antenna 


Sesidied cr modified. 


Bo TAKE-OFF ANGLE LIST 


The desired take-cff angie for each hour ot the day is 
meored 10 tae ~POA Last whicn can be output in the icrn or 
Baple 15. 


C. ANTENNA RADIATION PATTERN 


A Cadiation pattern for eaca antenna can be obtained in 
Pee £Orm Of Eigure C.1 Ine headinys for the antennas will 


@entdain the information listed in table 16. 


[T. ASTENNA CONSTRUCTION INFORMATION 


1. General 


ECwoetNOrReTIStrwetiens Willi begin with a general 
Mescription of the link and will appear as foliows. 

“A Longwire was designed to operate between KLNEO 
PGE oeN TOL” a CecmNMULICations 110k to be conducted on 


e70515. Daicmateomiucetwoen the stations 1S 4129 Kilcmeters. 
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Signal to neise ratio) for the 22 20008, a. 
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The grid azimuth from the local station to the SUtstatpcnmeee. 
43 decrees. Digwensicns of tne antenna and crientation can 


ke oktained from the diagrams below." 
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PASE 15 


Take-off angle in degrees for each hour of the day 


Qe Gee ips. Meee hk Oe eee. BO ee ee Gee ee Shee Be Qa bw 


l 

| 

| 

eae LOA eae LOA ee ee IOA 

j 0100 1Z 0300 VS) 12) TZ 
C200 12 1000 15 1800 1 

| 0300 12 1100 15 1900 12 

0490 12 1200 1s 2000 12 

0500 WZ 1300 15 2100 12 

| v60C he 1490 fee Za Ud) 12 

{ C700 le 1509 2 Ze 0 12 

i C800 12 1600 12 2400 a 

Ee 
in the following Subsections ali REC r Uden 


meetlitat tc tie =tastic) lab amtenna 15 Llisced as tne crerator 


would see it. 


« 


z- iLongwire 


— 


"ihe longwire can be oriented alony either of the 
azimuths shown in thé orientatijzna diayran." 
If a resistor were available then figure C.4 would 
Prom ec Soho viccasti addition to tne LTo.loOwing instructicn:: 
"The resistor on the ead of the antenna nas the 
BolLOwing effects or the antenna characteristics: 
ae It becomes a wider cand anteéana; tne radic #wilai 
tune to a greater nunker of frejuencies. 
Lae Communications to th2 rear of the antenna wali ce 


degraded. 


Cx Memes se Gn 2ads) {307 eiticiency) wiil result. 
Cne may choose to use a Counterpoise. (ee se sinte. 
wire ccnnected between the radio ground and tae 5 e00n0d 
Stake at the lower end of the tcerminatinj resistor. =bis 


modification can imprceve antenna perrornance." 
Standar@dmeongGulre Lnstructions continue: Rec hmece 


the antenna wire directly to the whip pase of the antenna. 


i> 


Dipcle Anteana 


Height: so feet Length: 27 £Eeet Freyuency: 17 MHz 


TOA 
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Figure C.1 Antenna Radiation Pattern for Dipole. 


For the rest results, clean the brass threads of the base 
with steel wool then wrap several turns of bared antenna 
Wire dmreund ait. A nose clamp can be used to secure the 
wire." 

If transxcormer building material is available wea 
Erogram would mprovice ~2i gure ee and the fcllecwing 


ToS trviewron >> 
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Tale 16 


Infcrmation in radiation fattern headings for all 
antennas 


Antenna | enorme t Ou 

| Heignt of radio-end mast, 
Height Ge sdf end aast, 
Lenythn, Freyguenc; 
AZimuta iG the sutstation, 
Meecguth alongs whick 

| antenna 1s aligned, 

Orientation anyle 

Height, Lenyth, Frecuency 


vee | Height ae racio-ena c 
| Peles @s 2al-ehd fas 
Apex ale, 
Length of antenna ilecs, 
Freguency 
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Figure C.z Longwire Design Diagran. 


HOE inpeoved Petra etauee GCommece id. 42 1 Ciel 
transforgzer between the radic and tne antenna. A on 


transfcriuer 1s prefé€rred if the antenna is terminated in a 


Uy; 


eid 
o 
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Figure C.3 Longwire Orientation Diagram. 
Fesistor and 4° 4:1 22 it 25 Uprerumiaved. This device Cag 
be ccrnected at the fa4adi0 OF “dt tne soeme. the anterna 


Mast 1f£ one uses a coaxial cable to convey tue sower fron 
THe sr aalce 

"For the first hour of operations sélect the iett 
most Iregquency listed in the oferator's frequency tabie. ia 
at alater time communications drop to an wunaccee tae 
quality, switcn to the best frequency for tnat hour Ce vega 
ation, the next pest 1£ Communications do not improve, ana 


SO On Until all frequencies ere eemede 
3. Ligcie 


If the dipole take-crf angle is less than 5) decrees 


then figure C.7 and the follcwiny orientation instrueumene 


<< ee ee ee cee cS aS a 


a 7 
1 | 
| | 
| WIRE SECURED | 
| Fe ee 
| 

| | a RESISTOR 

| ea | 
| oO Yy ! 
GROUND | 
| Sree | 
| Baas 

Figure C.4 Terminated Longwire connection. 
acre output. "The dipole snould pe oriented sSuca that the 


Meo SUcCrcrting masts are aligned with the aziauth (solid 
femey a= Stownm in the orientation diayran. Some leeway is 
rermitted though, tte antenna can be off oriented alcng any 
azimuto retween the dasned lines witnout a serious icss of 
Hamk perfcrfance." 

For the case where the take-off angle 1S greater 
than £0 degrees tnen artenna would be erected closer tc the 
meound and the following instructions would pertaia. 

"Orient the dipole in any convenient manner for it 
moat cinidirectional antenna in this application." 

ite medioemem  Stahdard LNStructions continue: 1 
additicn to the dipcle shown in the dipole design diagran 
EWOCTDeELS were desicned. - The critical information for ail 
the dizpcles are listed in table 18." 

ViOorpeene merit rot OWE OL Operations erect a dGipcie 
designed for the left most ‘frequency listed in the ofera- 
mors Lreguency table. ITfatatlater time coamunicaticus 
mop tO Sak unacceptable quality, Switch to the best 


mmeeuemeGy  £0L that hour of operation, the next Eest Lf 
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ARTERNA 


b) S$:1 transformer 


aes eee 
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Figure C.5 Imysedance transformers for Longwire. 
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: Cperator's frequency table for the longwire | 
; = Tae os See 

aC ap ee C7 oN ficou oer cc y/o. Bee Cy Sec LeC/ Ss. i 
— —- om De ee nee enn nn en en ee eS eS SS SS eS = } 

| 1 10207 14 6. 4/12 Tie 41 2 / 6 S/S 
aes = octets Se TT nnn 

2 le Oe 10 6.4/11 Ways tee 7 es OS 
Seaw) 1Os 07 14 17.0/1 i 6.4/6 Cee / soe 4s 2/8 
{ ici or Osten ein. Se oa a 
i ero. i 
nae es i oo oo a | 
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menmuniedticns €c NOt crove, ard so on until all wre suen- 
cies are tried. Bietue Lacig wilt rot tune to tne best 
Beemiucney Ob Signal G@uality 15 Soor On ail otner ire.uen- 
imteo, Medity £he amterna Ci MenSiORS tO those avpro,-riate or 


Ene Lest rrequeucy. 


ye Fali-square 


a See ee eee 


ct 
O 


MOTI2eR= tee Hhali-syuare aiong the aZimuth pointed 


HH, 
tr 


feepene cGitd lime in the orientatioa diusram, one cen Le c 
mithe pLOper GEienhtation ott to the aziuutns pointed to oo; 
tne dasned lines." 

Vinediditmonme co. the nalf-sdilare=shewn an the aaif- 
equare design diajgrar two others were Jesigned. The criticai 
mmeOrEMaticn for all the half-squares ace dlisted in takie 
Cc.8e 

NRrect tae tLali-scguare at a convenient reight 
greater than the short element length shown in the tabic." 

An Cperator's freyuency table similiar to trat shown 
mietariec 15 would be provided in addition to the instruc- 


mons accompanying it in the dipole section above. 
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Fagure C26 Dipole design diagran. 


5. Vee 


“Align avee ieg witn €ach of the azimuths Saocweee 
the orientation diagran." 

The program cutputs an operator"s rrequency (tame 
Similar to that shown in table 17 and the instructions. 


acGComGrany this. 


6. final Instructions 


ape = = ae 


After the irformation peculiar to the antenna is output the 
rrogran will follow this with more general instructicns 


pertaining to all antennas. 
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Figure C.7 Dipole orientation diagran. 


| TABLE 18 | 
Lipcele dimensions and operating frequencies | 

| Elenert | 
Period Frequency Height Length | 

| eae ae 41? ogi | 
Pransa ton Te) 41 bono | 

| Night Oa? 41° ms | 


ees LULU 


"The antenna must te insulated from the suyperting 
eeructure {MNasts). For insulators one can use rope, twine, 
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TABLE 19 


Operator's freguency table 


— — <> co ee ee eee es ee ee eee ee eee ae 


8 
8 
Ee cemeteries Gee A ei EO Spee Meine SP Gee ete S—— ee 


Clectrical case, fishing line, ammo straps, etc. zne 
guylines hoiding the antenna masts tmust also Consist jee 


noh-ccnducting material such as rope cr encinees's tapec® 
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Halwa suuarerdesigu. diagram. 


Figure C.8 


165 





rm i i ti ee ee te ee ee es ee. gee ee OE Qe ee ee OE ge ee ee. Oe ee 


me mm ee ee 


Figure C.9 Half-sguare orientation diagran. 
—— eee 
| 
LARD DE S20 | 
| Falf-~sguare dimensions and operating frequencies | 
| SiGe Long | 
Mast. ELen ene. Pe mem 
| Period Frequency Seperation Length Length 
pany Zia 2 1 OeeGrs geo Ut Pipe fee) 
[> Transitvon 1720 Zo 1a 6! 43'6" 
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Nacht 10.0 ugr2n 2477" 7359 | 
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Yee design diagran. 


Figure C.10 
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